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ABSTRACT
Australia is the largest exporter of hard coal. With the large opportunity for 
economic, social and political benefits from coal as a natural resource, longwalls 
are widely adopted by the Australian Coal Industry. By the end of 1995, there were 
28 longwall operations in Australia. The percentage of longwall productions 
covering total raw underground coal production has rapidly been increasing since 
the introduction of the first longwall mining to Australia. Meanwhile, significant 
attention has been paid towards increasing longwall productivity. Even though 
longwall systems are designed to cut and produce coal at rates of more than 1000 
tonnes per hour, recent statistics show that most operations of Australian longwalls 
fall far below this figure. In response to this problem, the research objective of this 
thesis was to identify as to why current longwall operations are not reaching the 
designed output capacities and recommend the means of increasing production and 
productivity to the optimum goal.
Analysis of the production statistics of longwall faces in Australia suggests that the 
production expected from a longwall face can best be estimated from the “ideal” 
production rate (determined by the capacity of the equipment and the conditions in 
which it is installed), the utilisation, and the available operating hours. The “ideal” 
production is limited by the longwall equipment capacities, such as shearer speed, 
AFC capacity, support advance rate, and transportation speed, and the reliability of 
these longwall installations.
In modem capital intensive longwall industry the system evaluation is one of the 
key factor for achieving optional equipment performance. The productivity is a 
function of both the asset utilisation and the assets performance when they are in 
use. The evaluation of longwall mining system has a large impact on longwall 
system productivity through the level of the availability, utilisation, overall 
utilisation, and mean time to failure (MTTF), mean time to repair (MTTR) and
mean time between failures (MTBF), mean time between repairs (MTBR) which 
can be achieved. Objectives for a longwall system’s performance often contain a 
combination of physical, economic, and geological factors.
The data for the longwall system analysis were available from 2065 production 
shift time studies earned out in seven longwall faces in South Bulli and Appin 
Collieries. The time study data was analyzed in two ways. In the first instance, 
according to the characteristics and operation situations of longwall delays are 
divided into three broad delay categories, i.e. operational, mechanical, and 
electrical delays during the period that the crew are at the longwall face section. 
Each category is also divided into failure modes. Meanwhile, the built-in delay 
codes provide a convenient means of assigning the reason for the delay and also 
provide a structure for identifying root causes.
In the second instance, the time study data is categorized into equipment categories 
of shearer, AFC, belt, roof supports, belt stage loader, general electrical, pump 
station, and auxiliary equipment. These analyses are used to identify particular 
problem areas and to help to assess the effectiveness of alternative maintenance 
and overhauling polices.
On the basis of the data base from the seven longwall operations surveyed, this 
research has analyzed all major components of longwall mining systems to 
determine which, if any, of these components are in need of improvement and has 
attempted to describe the longwall component downtime behaviours. From the 
analysis of delay types of longwall mining system in this research, several 
conclusions can be drawn. To address the issue of longwall mining delays, some 
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DEFINITION OF LONGWALL MINING TERMS
The following definitions for longwall mining terms have been employed in the 
text:
Armoured Flexible Conveyor (AFC): A heavy, chain type flexible conveyor 
capable of being advanced with the face without dismantling.
Belt: A moving endless belt that rides on rollers and on which coal can be earned 
for various distances.
Belt slip: The difference in speed between the driving drum and the belt conveyor. 
Belt slip at the drivehead can cause over-heating of the driving drum. Devices are 
available which measure the belt slip and which cut off the power when a 
predetermined amount of slip takes place.
Bi-directional: In the Bi-directional cutting, the shearer performs two sumpings in 
a round trip. The complete mining cycle is accomplished both during the forward 
and the return trip.
Bogged machinery: The bogged machinery presents that “rock load” pile up 
under the shearer, on the AFC and belt stage loader, and “oversized lumps” tracing 
back to same cause spalling of the face.
Face end operations: The face end operations, normally, include setting the 
heights of both drums and cowls, supporting the roof at the maingate and tailgate, 
and moving the head-driving units of the AFC.
XVI
Face length: The face length is the distance between maingate and tailgate.
Gravity take-up: A device fitted to a belt conveyor which automatically takes up 
any slack or stretch in the belting. A gravity take-up device is sometimes fitted 
immediately behind the driving unit, thus eliminating slack which would otherwise 
occur.
No forward drivage: Delay occurs from the problems of a roadway, heading, or 
tunnel in course of construction.
Methane drainage: Methane drainage involves drilling boreholes into the solid 
coal, the roof and sometimes the floor.
Outbye belt: The belts are located nearer to the shaft, and therefore, away from 
the face toward the pit bottom or surface, toward the mine entrance. It is also 
called a coal clearance system.
Outbye stoppage: The outbye belts stoppages due to any reason.
Panel length: The panel entries on both sides have been developed to the designed 
panel length, which are connected by the start entries and the main entries.
Panel preparation: The panel preparation is to keep development ahead of panel 
extraction, which includes the activities of advancing cables, hoses, and pipes, 
repick for shearer drums, checking oil levels and servicing face equipment, etc.
Powered Support: In fully mechanized longwall mining, a system of hydraulic 
supports connected to an AFC by means of hydraulic rams. Roof beams mounted 
above the props are held by hydraulic pressure to the working roof. They are 
cantilevered forward to protect a working passage adjoining the coal lace above 
the AFC and the Shearer.
XVII
Seam thickness: The vertical height of a longwall face from floor to roof.
Section belts: The belts located in the vicinity of a longwall face.
Shearer: Cutting and loading machine which shears coal or other easily broken 
mineral from the face of a seam or other suitable formation and delivers the broken 
mineral continuously to a conveying system.
Uni-directional cutting: In this method, the shearer cuts coal in one direction 






Longwall mining has been recognized as a most efficient underground mining 
method which has the simplest system layout, provides continuous production, 
effective strata control and has full potential for automation. Under favorable 
working conditions this system of mining can further improve productivity and 
personnel health and safety, and can truly compete with opencut operations by 
simplifying the management and improving productivity and safety.
In the last two decades mechanization and automation of mining operations all 
over the world have increased significantly which has resulted in achieving higher 
production per face, improved productivity and safety, and considerable reduction 
in the number of persons working underground in coal face operations. It is also 
observed that only increased capacities of equipment resulted in better 
performance. However, the highly mechanised capital intensive working systems, 
require high utilization, as the penalty for down time is heavy. It has become 
increasingly necessary to provide facilities to indicate if the equipment is operating
1
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within the design parameters and in satisfactory condition (i.e., condition 
monitoring - instrumentation).
The projected growth in the demand for coal in Australia and the expected increase 
of longwall’s share in the total production have prompted the initiation of a variety 
of research efforts to improve the productivity of Australian longwall faces. 
Longwall mining is responsible for more than fifty percent of total Australian raw 
underground coal production. By the end of 1995, there were 28 longwall 
operations in Australia. Longwall production has been increasing since the first 
longwall was introduced in Australia in the early 1960’s. Figure 1.1. shows the 
contribution of longwall mining as compared to bord-pillar, and opencut 
production in NSW and Queensland since 1980. Longwall mining contributed 
about 60 percent of the coal production from underground mines in 1994. 
Longwall production increases result from two reasons: a) adoption of modern 
longwall equipment to increase the capacity of the longwall mining systems, and b) 
application of advanced management and maintenance to increase the availability 
of longwall systems.
Year
Figure 1.1. Production of coal in NSW and Queensland (1980-1994) 
(The data sourced from Anon, 1990, Anon, 1985,
Bechett, 1995, and Anon, 1995 (b))
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1.2 AUSTRALIAN LONGWALL BACKGROUND AND PRESENT 
DEVELOPMENT
Mechanised longwall mining was first introduced into Australia in 1963 and has 
passed through four reasonably distinct phases before reaching the current “state of 
the art” status. Mechanised longwall mining began in Australian coal mines in 
February, 1963 when longwall installations were supplied by the Westphalia Lunen 
Company of Germany, commenced operation in the Bulli Seam at Coalcliff 
Colliery in the southern coal fields of NSW (McKensey, 1990). The development 
of Australian longwalls can briefly be summarized into four stages as follows.
1. The period from 1963 to 1969:
Kemira Colliery, South Bulli Colliery and Appin Colliery in the southern coalfield, 
all introduced longwall equipment to their workings in this period. In each case, 
the move to longwall was an attempt to improve the productivity of the mine. Of 
these operations Kemira Colliery achieved earliest success.
2. The period from 1970 to 1979:
In 1970, mechanical longwall mining had only a veiy shaky toehold in Australia. It 
was generally believed that the equipment was inadequate for Australian 
conditions, and the risk of its introduction to an already profitable mine was too 
high. Consequently, only two Southern District mines preservered with using 
longwall mining. These mines were Appin and South Bulli, both of which were 
struggling to produce adequate coal to achieve acceptable productivity levels.
3. The period from 1980 to 1989:
3
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Whereas the seventies saw major improvements, changes to make the equipment 
suitable for the Australian industry (both geologically and economically), to 
longwall equipment in the eighties have been more subtle.
Certainly, at the end of the eighties the equipment was larger, more robust, more 
powerful, capable of larger output, more reliable, technically more sophisticated 
and more user-friendly than the ten years earlier version.
1980 1987
Largest Shearer 300 kW 1080 kW
Largest AFC 270 kW 1050 kW
However, there has been no major changes to the basic design and functioning of 
the equipment. Best panel results were generally 7000 tpd and average results 
some 4500 tpd. Overall, utilization achieved was generally 35.7% i  10.4%; in 
many cases the outbye conveyors could not accept the face peak loads and this 
served to limit output from the mines.
4. The period from 1990 to date (Description of modern longwall equipment):
Current trends for longwalls are towards the use of large, and more powerful 
equipment. Perhaps the greatest productivity increases have come from bigger 
and/or faster machines. The means of measurement used for comparing the 
longwall equipment is that of ROM tonnes.
1 Shearer:
Shearer development on automation is rapidly accelerating with three objectives 
which are increasing productivity, improving reliability and availability and 
minimizing downtime in the event of a breakdown. The use of automatic steering
4
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aids is increasing rapidly. The systems are currently under development that will 
allow more flexibility for steering, an integration package with the roof supports 
and AFC. Shearer horsepowers continue upwards, which has resulted in improving 
cutting rates and web widths. For example, in 1995, a Joy 6LS shearer was 
installed on a 1.2 m face conveyor. The shearer had a cutting speed of 0-17 
m/min., a flitting speed of 30 m/min. and had a total continuous installed power of 
1696 kW (Keosterer, 1995).
Table 1.1. illustrates the shearer powers of Australian longwalls in 1994. Heavy 
duty shearers are characterized as machines with a power rating greater than 224 
kW. The table shows a tendency to increase the installed power of shearers due to 
the increasing demands from highly productive longwall faces. This has led to 
increases in the rate at which coal can be cut and improvements in machine 
reliability and availability. In 1994, 16 of 26 Australian longwalls were using 
double-ended ranging drum electrical shearers (DERDES). Most of them but 
EDW450/1000 are designed in the multi-motor shearer. The purposes of the 
electric shearer trials are:
1. The shearer manufacturing companies provide more reliable electrical shearers 
with the control equipment for all the shearer elecrtrical units, monitoring and 
diagnostic equipment due to recent advances in solid state electronics.
2. The coal mines trend to use the electrical shearers because they are easily 
maintained and have small dimensions and more reasonable structures.
3. The maintenance costs for the electrical shearers are lower than the hydraulic 
shearers.
4. The electrical shearers offer infinitely variable cutting speeds, maximum tractive 
effort, cutter motor current and temperature feedback, independent hydraulic 
circuits, parameter modules.
5
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The use of on-board computers to monitor vital components, diagnose fault 
conditions, and manage control systems to ensure the machine operations within 
the design criteria have also enhanced performances. Another innovation has been 
the introduction of radio controlled shearers, and the widespread reduction in the 
physical size of the equipment, enabling operators to work from a position of 
safety.
Table 1.1. Shearer powers in Australian longwalls in 1994




225 2 Brimstone, Oakdale,
300 1 Cooranbong
350 1 Cordeaux,
375 6 Angus Place, Ellalong, Elouera, Gretley, Teralba,
Tower,
380 1 Baal Bone,
460 1 Tahmoor,




900 1 Oaky creek,
1000 6 Appin, Gordonstone, Newstan, Ulan, West
Wallsend, Wyee,
1110 1 West Cliff,
1230 1 South Bulga,
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2. Armoured Face Conveyors:
To carry more coal away from the face, the armoured face conveyors (AFC) as 
wide as one metre are available. Most newly installed conveyors have much higher 
capacity motors. It is now accepted that heavy duty AFC is the most cost-effective 
constituent of the heavy duty longwall face and as such, is the primary element for 
investment. Table 1.2. shows the AFC powers in Australian longwalls in 1994.
Table 1.2. AFC powers in Australian longwalls in 1994









400 1 West Cliff,
448 1 Cordeaux,
522 1 Oaky Creek,
600 2 Newstan, Tower,
675 1 Teralba,
700 2 Ellalong, West Wallsend,
750 6 Angus Place, Baal Bone, Clarence, Elouera, Tahmoor,
Wyee, ’
1044 4 Appin, Central, Southern,, Ulan,
1065 1 Wambo,
1200 1 Gordongstone,
1500 1 South Bulga,
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The demand for high performance, high reliability conveyor systems is generating 
substantial developments in conveyor technology. Data recorded will include: 
equipment loadings, health monitoring and information regarding face integration 
operations, all of which will enable the life of the gearboxes to be predicted, allow 
remedial action to be taken before breakdowns occur, and highlight problems in 
the production cycle.
At present the most frequently used chain size is 34 x 126 mm with a 1,260 kN 
breaking load. It may be used to transmit/drive ratings of 1,000 kW using double 
inboard chains. Most of Australian longwall AFCs are designed with twin centre 
strand and side discharge, which have made substantial technological progress.
Table 1.3. AFC panel width of Australian longwalls in 1994 






800 4 Cooranbong, Elouera, Oakdale, Wyee,
830 1 Tower,
839 5 Angus Place, Ellalong, Southern, Newstan, West
Wallsend,
842 1 Brimsbone,
900 2 Central, Teralba,
940 3 Clarence, South Bulli, Tahmoor,
950 1 Baal Bone,
960 1 Gordonstone,
1000 5 Appin, South Bulga, Ulan, Wambo, West Cliff,
1050 1 Oaky Creek
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The introduction of more powerful two speed motors and side-discharge deliveries 
has meant that coal clearance capacities from faces in Australia have increased to 
more than 2000 tph.
3. Powered Supports:
To complement the heavy duty shearer and AFC and to optimize the machine’s 
performance, Immediate Forward Support (IFS) fully automatic machines initiate 
support. With increasing shearer speeds and larger AFCs, immediate forward 
supports and forward walkway supports have been introduced. This enables the 
exposed roof to be supported quickly and allows the operators easier access to the 
shearer controls providing a safer environment. To improve strata control, higher 
rated supports have been introduced. To keep pace with faster mining rates, some 
new roof support systems are equipped with electro-hydraulic controls, which 
advance and set the supports faster than manually-operated valves.
New designs make it possible to vary the support control system by 
reprogramming the face end computer and the following options can be easily 
provided:
1. On-face push button, as with the first generation equipment;
2. Sequential control;
3. Machine initiation for all support operations; and
4. Adoption of the system for different mining methods including ploughs and 
shearers.
The electro-hydraulic controls of face equipment includes intrinsically safe 
microprocessor-based control units, solenoid valves and sensors in each shield. A 
data link from shield to shield provides for the data exchange between the control
9
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units. The master control unit has greater degree of health monitoring and above 
all their incorporation into a total face used to display the operational conditions of 
the individual support control units to register the position of the coalwinning 
machine for graphic face representation and for data transmission to the surface. In 
the fields of support the trend moves towards two-leg shield support. Rated loads 
reach up to 3,850 kN per leg. By means of electro-hydraulic controls the support is 
controlled in relation to the shearer position.
Another development has been the use of remote site hydraulic pump to power the 
supports. This has made them easier to maintain and remove a large item of 
equipment from the pan-technician. Finally, the most recent features introduced 
into Australia have been the two-leg shield support (or 5 faces adopting the two- 
leg supports used in 1994) and the use of electro-hydraulic controls, including 
powered support initiation via the shearer, enabling the roof to be supported 
quickly, therefore, significantly improving strata control.
Table 1.4. Support resistance by powered support in Australian longwalls in 1994






560 1 West Wallsend,
600 3 Ellalong, Elouera. Tower,
650 3 Angus Place, Baal Bone, Newstan,
680 2 South Bulli, Teralba,
700 3 Brimstone, Oakdale, Ulan,
750 2 Appin, Cordeaux,
800 7 Clarence, Central, Southern, Oaky Creek, 
Tahmoor, Wambo, Wyee,
860 1 Gordonstone,
930 1 South Bulga,
1000 1 West Cliff,
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1.3 PROBLEMS ASSOCIATED WITH THE LONGWALL MINING
Even though longwall machines are designed to cut and produce at rate of more 
than 1,000 tonnes per hour, some of them at rates 2, 500 tonnes per hour, recent 
statistics covering the last five years about longwall productions show that a large 
number of longwall operations have failed to meet anticipated production targets. 
Some of average longwall production rates are at only around 200 tonnes per hour.
On the other hand, the developments of these 26 longwalls in 1994 are not 
balanced, the productivity of the best longwall was almost three times than of the 
worst one (as shown in Figure 1.2.). The USA figures shown in Table 1.5. and 
Table 1.6. are sourced from Parkin, 1994 and the Australian figures from the Joint 
Coal Board. The best productivity of Australian longwalls was at Ulan Colliery 
which achieved 12, 860 tpmy which is less than half the productivity of the best 
American longwall face( 26,992 tpmy) at Beechfork colliery.
Table 1.5. Productivity of top 5 USA longwall operations
(The data sourced from Parkin, 1994)
M in e T on n e S e a m  H eig h t (in ) M en T o n n e s /M a n /Y e a r
Beechfork 6 505 091 2.1-2.4 241 26 992
Enlow Fork 6 280 834 1.7-1.8 351 17 894
Bailey 7 131 016 1.6-1.8 419 17 019
Zeigler -Old Ben No26 3 756 405 2.7 238 15 783
Mettild 3 628 137 2.0-2.7 251 14 455
It is observed that the development of Australian longwall is lagging other 
advanced longwalls around the World. U.S. productivity levels point to a 
significant gap between the leading American mines and Australia’s top group. The 
major problem limiting longwall productivity in Australian mines, is the poor 
development rates of the individual development unit. More often than not, 
longwall production is slowed down or the transfer of equipment is delayed.
11
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Figure 1.2. Comparison of Labour Productivity between Australian (1994) and American (1992) 
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Thus, longwall mining in Australia has been a mixed success. It has enabled mines 
to achieve economy of scale necessary for survival in a competitive industry but, in 
general, has not fulfilled the expectations of many operators in the light of high 
investment in a capital intensive industry.
Table 1.6. Dimensions of top 5 USA longwall operations in 1992
(The data sourced from Merritt, 1993)
M in e S e a m
H e ig h t
(in )
C u ttin g
H e ig h t
(m )
P a n e l  
W id th  (m )
P a n e l  
L e n g th  (m )
D a i ly  N o .  
sh ifts
In itia l
In sta lla tio n
P resen t
In sta lla tio n
B e e c lifo r k 2.1- 2.1-2.4 220 1524- 3 1991 1991
2.4 3048
E n lo w  F ork 1.7- 1.7-1.8 229 2743 - 1991 1991
1.8
B a ile y 1.6- 1.6-1.8 229 2743 - 1985 1992
1.8
Z e ig le r  -O ld  
N o 2 6
2.7 2.6 293 2057 2.6 1985 1992
M e ttild 2.0- 2.0-2.7 229 1615 3 1985 -
2.7
Low availability of machines and equipment was nominated by more than 40 per 
cent of mines as being a barrier to higher productivity.
When one compares the best mining operations in Australia with the best in the 
USA, in term of longwall coal production, it is important to consider the different 
work cultures in the two countries. The main difference being that the mines in the 
USA do not have to operate with the same restrictive work practices as Australian 
mines. Therefore, if the industry in Australia is going to compete in the 
international market place, it must not only match, but exceed those results from 
the USA.
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1.4 SIGNIFICANCE OF THE RESEARCH
From an Australian viewpoint, coal as a natural resource offers opportunity for 
economic, social and political benefits. However, the Australian coal industry Is 
facing a challenging decade. Demand for Australian black coal for export continues 
to grow strongly. This demand requires that all Australian longwalls operate more 
efficiently and economically. More than a few decades of longwall mining 
developments have demonstrated that it is an inherently safe and highly productive 
method but involves large capital costs. A review of the production of Australian 
longwalls in recent years reveals that the productivity of longwall faces has 
increased slightly as shown in Figure 1.3.
Improving productivity remains a critical issue for the mine owners. In order to 
achieve high production and high productivity of coal from the longwalls, mining 
engineers must find solutions to problems that restrict the longwall operations; one 
of the most important areas is longwall mining delays. This research is an attempt 
to improve longwall mining operations in Australia by increasing the machine 
availability time.
0)Q.










1990 1991 1992 1993 1994
Year
Figure 1.3. Australian longwall productivity (1990-1994) 
(The data sourced from Cram, 1995 (a))
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1.5 RESEARCH OBJECTIVES
The research described in this thesis was undertaken to analyse the longwall mining 
delays of Australian cases. This will help on-site engineers to assess the evaluation 
of longwall mining and improve its operations.
To achieve this goal the objectives of this research are:
o to define the ‘ideal’ longwall production estimation system; 
o to analyse the operating behaviour of longwall mining for finding the reasons 
of delays by classifying miscellaneous delays into four categories: inherent, 
site, other, and breakdowns (as shown in Figure 1.4.). The first categories 
belong to operational delays and the breakdowns are summarised into 
mechanical, and electrical delays; and
o to assess and evaluate the longwall operations with special references to 
Australian coal mining conditions and to maximise the potential of the 
longwall system of working by procuring machines and equipment which 
have the potential for greater performance. Various measures are illustrated 
in Figure 1.5. where the displayed time horizon is taken as the basis for the 
analysis.
1.6 RESEARCH SCHEDULE
This research consisted of five distinct phases as shown in Figure 1.6. and it was 
designed to complete the work in one year.
The first phase was limited to a literature survey of the fundamentals of longwall 
mining failures, analysis methods and related investigations.
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Figure 1.6. Stages of the research
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The second phase was to collect the longwall data from the Joint Coal Board 
(JCB) and longwall collieries, establish the ‘ideal’ longwall production estimation 
system, process the data and analyse the data.
The third phase was to establish formation of database and classification, acquire 
further data and make the data analysis and presentations.
The fourth phase was to make the transition diagram according to the longwall 
operations and present the parameters of evaluation for longwall mining 
operations.
The fifth and final phase was to conclude the outcome of longwall mining delays 
and recommend the measures to prevent the delays and improve longwall 
operations.
1.7 CONCLUSIONS
Australian longwalls have experienced over 30-years of development and have 
reached the advanced level compared to world standards. Both longwall 
production and its share of total raw underground production have constantly been 
increasing since the first mechanised longwall was introduced in Australia. 
Longwall mining has been and will be playing a very important role on the black 
coal industry in Australia in future years.
However, the Australian coal industry is facing a challenging decade. From the 
viewpoints on intensive capital and advanced longwall mechanised installations, 
and good geological coal deposits, Australian longwalls have large potential and 
command a large gap to the best American longwalls. This forces the engineers to 
analyse the reasons of the longwall mining delays in order to improve Australian 
longwall operations and push Australian longwalls to a leading position around the 
world. Such initiatives by mine owners would ensure a profitable and stable mining
19
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industry in the long term. Australia needs mine owners and investors with vision 
and faith in its people and resources.
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CHAPTER 2
ESTIMATION OF ‘IDEAL’ LONGWALL 
PRODUCTION
2.1 INTRODUCTION
Analysis of the production statistics of longwall faces in Australia suggests that the 
production expected from a longwall face can best be estimated from the “ideal” 
production rate (determined by the capacity of the equipment and the conditions in 
which it is installed), the utilisation, and the available operating hours. The “ideal” 
production is limited by the longwall equipment capacities, such as shearer speed, 
AFC capacity, support advance rate, and transportation speed, and the reliability of 
longwall installations.
Two relations appear to exist for the whole industry. Longwall mines using Bi-Di 
cutting achieve more than around 30% to 40% production than those using Uni-Di
21
CHAPTER 2. Estimation of “Ideal” Longwall Production
cutting. Secondly, higher productivity is likely for faces exceeding 200 m width. 
The output in tonnes per hour of longwalls falls off for widths greater than 200 m. 
This is limited by the capacity and strength of the AFC. This could be due to a 
learning curve effect which would include dealing with mechanical problems 
resulting from the longer armoured face conveyor (AFC).
2.2 PREVIOUS RESEARCH WORKS
The problems of longwall mining were generally treated from a particular 
viewpoint in the Australian black coal industry. O’Beirne, T. and Napper, A. 
(1989) reported that Australian Coal Association initiated a project through the 
Australian Coal Industry Research Laboratories (ACIRL) to define the major 
problems besetting longwall operations. The members of the local coal industry 
could then use this information to refine their existing longwall systems and 
hopefully make significant production improvements.
Data from the mines was collected via pre-printed forms which divided each shift 
into 15 minute increments and delays into 54 categories. The data covered 25397 
working hours, from 11 mines in the period October 1987 to May 1988. From 
total delay times for all mines monitored, the major delay problems were listed as 
indicated in the following table.
Table 2.1. Summary of longwall equipment delays 
(Data from O’Beirne and Napper, 1989)
Delays % Total time
Shearer breakdowns 7.7
Outbye stoppage 4.5
Armoured face conveyor (AFC) 3.0
Maingate belt 2.1
Face control 2.1
Belt stage loader (BSL) 1.6
Gate road control 1.5
Chocks 1.4
Gas, dust & ventilation 1.1
Total 25%
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Breakdown delay of the longwall mining systems were dominated by the face 
equipment and particularly the mechanical aspects of the shearer. The AFC was the 
second most significant problem with other items such as the supports and BSL 
being relatively trouble free. Face equipment was the greatest delay at the majority 
of mines. In every mine the shearer was a major cause. Some of the more 
significant delays are listed in the following tables.
Table 2.2. List of the more significant delays
(Data from O’Beirne and Napper, 1989)
Delays %  Total delay time
Industrial problems 7.8
Travel and bathing allowance 1.8




Unplanned delays due to face environment
problems 6.3
The breakdown category was further analysed showing the delays to individual 
face machines.
Table 2.3. Longwall equipment breakdowns
(Data from O’Beime and Napper, 1989)
Delays %  Total delay time
Shearer 7.7
Face conveyor 3.0
Provision of services 2.9
Panel belt conveyor 2.1
Belt stage loader (BSL) 1.6
Face chocks 1.4
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An equipment availability figure of 49.2% was derived. However, the most 
interesting information was utilisation figure calculated at only 37.7%. The figure 
only considered the day production was allowed industrially, and would have been 
22.1%, if all calendar days available in the period had been considered.
In the late of 1980s British Coal introduced a process known as Failure Modes and 
Effects Analysis (FMEA) to tender for new plant, and is reported to be effective in 
forcing mines and manufacturers to consider the following factors (O’Beirne and 
Napper, 1989):
- how often a device may fail
- consequences of failure
- resources necessary to repair
- time to repair
British Coal reports that the use of FMEA has resulted in some manufacturers 
contemplating for the first time that their plant will fail in service, and as a result of 
this, modifying their designs, especially to aid continuity of service, and reduce 
repair times.
Croft (1989) has shown that the suitability of machinery systems and an 
understanding of the geological setting are most important aspects of a high 
production capacity face in Australia. Organiscak et al. (1988) have identified four 
important factors for the achievement of high production by U.S. faces, and ranked 
them as:
(i) new equipment and technology;
(ii) longwall availability;
(iii) improved mining conditions; and
(iv) an average seam height of 2.7 m to 3.1 m.
24
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2.3 “IDEAL’ PRODUCTION ESTIMATION
2.3.1 Assumed Conditions of “Ideal” Longwall Mining Production 
Estimation
The assumed conditions of the “ideal” longwall production have to be given 
because the system is a general back analysis.
1. Present longwall mining installations;
2. No delays whatsoever;
3. Average rate of the shearer haulage speed;
4. Longwall panel paramétrés (or face length and seam height);
5. Mining methods employed (Uni-Directional cutting or Bi-Directional cutting); 
and
6. Average working operation hours available per day
2.3.2 Cutting Methods of the Face Shearer
The longwall coal mining method is a combined system of excavation, roof 
support, and bulk material handling across a wide coal face whereas the shearer is 
designed to do two things as it traverses the longwall face: to cut coal from the 
seam and to load the cut coal onto the AFC. The production process in a longwall 
system can be divided into five operations: coal cutting, loading, conveying, 
powered support, and control roof caving. A major characteristic of longwall 
systems is that these operations are interdependent and with the consequence the 
delay in any single operation can result in a total system delay.
There are two longwall mining systems namely; retreating and advancing faces. 
The retreating longwall mining is recognised as the most efficient method of
25
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underground deep coal mining method and accounts for 100% of the longwall 
faces in Australia. Two fundamental reasons have led to the adoption of longwall 
retreat mining; firstly, preheading of the area to be worked provides a better 
knowledge of the geology of that area, thereby considerably reducing the risk of 
encountering unexpected adverse mining conditions and lessening appreciably the 
likelihood of premature stoppage of the face by meeting unknown faulting. 
Secondly, the establishment of the roads by preheading simplifies the face-end 
layout, eliminates ripping, and significantly reduces the multiple activities in this 
area of the face. The retreat mining method has a substantial effect on the 
requirement for rapid roadway development, and increases in development advance 
rates. There are two methods of coal cutting for the shearer; uni-directional and bi­
directional. If it is intended to operate Bi-Di cutting of the full seam section, multi­
motor machines share the load well and have the advantages of simplicity and more 
rapid changeout of components if that becomes necessary. If only Uni-Di shear is 
proposed, central motor machines have the ability to concentrate the power at each 
end of the machine as required and accordingly may be advantageous.
2.3.2.1 Unidirectional Cutting
In this method, the shearer cuts coal in one direction only. The return trip is usually 
for loading and cleaning the floor coal or travelling empty. It requires one sumping 
in a round trip as shown in Figure 2.1.
During the cutting trip, as the shearer at the tail gate, the haulage motor is stopped 
(Figure 2.1. a). The leading drum is lowered to the floor level while the rear drum 
is raised; then the cowl is turned 180° and the shearer moves toward the main gate 
by following the snaked section of the conveyor. The shearer gradually cuts into 
the coal face (rear drum also cleans up the stump left between the two drums 
during the previous trip). A distance of approx. 15 m is needed before the leading 
and rear drums reach the full one-web cutting width (Figure 2.1. b). At this time,
26
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Figure 2.1. Procedure of Uni-Di cutting (After Peng and Chiang, 1984)
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the shearer is stopped, the leading drum is lowered and the rear drum is raised. The 
cowl is turned 180°. The shearer is reversed and proceeds toward the tail gate to 
cut the triangular coal block. After reaching the tail gate, the operation shown in 
Figure 2.1. a is repeated to turn the shearer around. The shearer now proceeds 
toward the main gate, cutting the coal in the normal fashion (Figure 2.1. c). After 
reaching the main gate, the operation shown in Figure 2.1. b. is repeated again. 
Finally, the shearer moves toward the tail gate for loading and cleaning the floor 
coal or travelling trip at the flit speed (Figure 2.1. d). This is a whole cycle of the 
unidirectional cut.
The face end operations, normally, include setting the heights of both drums and 
cowls. The both face end operations need approximate three minutes.
Therefore, the cycle time of a shear for Uni-Directional cutting is
c
L - 15 L------- + —  + 3V, v2 (2 . 1)
Where Tc = Cycle time of a shear in minutes;
L = Face length in metres;
Vi = Average working haulage speed of the shearer in metres per minute; 
V2 = Flit speed of the shearer in metres per minute.
2.3.2.2 Bidirectional Cutting
In the bi-directional cutting, a web width of coal is cut in both directions of travel 
and the shearer performs two sumpings in a round trip shown in Figure 2.2. Thus, 
in this method a complete mining cycle is accomplished both during the forward 
and return trip. In the six steps of cutting, the first and the last three steps are the 
same as the description of the first three step of the uni-directional cutting. It must 
be noted that in Bi-Di cutting, each cutting trip involves two face-end operations 
to turn the shearer around, whereas in Uni-Directional cutting, only a tailend turn-
28
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Figure 2.2. Procedure of Bi-Di cutting (After Peng and Chiang, 1984)
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around operation is needed, and in some cases no turn around is required on the 
method selected.
The cycle time of a shear for bi-directional cutting is 
L - 15Tc = --------+3 (2.2)Vj
Generally Uni-Di cycles give higher ideal outputs for the shortest faces and give 
lower AFC peak loads. For older equipment Uni-Di may also give slightly better 
results on the longest faces but this advantage is lost when higher capacity 
equipment is used.
2.3.3 Roof Support Operation
Powered support operation is a parallel activity of the longwall system. While the 
shearer and AFC provide for the winning of the coal from the face, the supports 
allow the system to retreat. The powered supports shield the operating personnel 
and equipment from roof falls.
The supports are hydraulically lowered, advanced, and raised against the exposed 
roof by a support operator to allow the freshly exposed roof to be supported as 
closely as possible to the working face. The powered support move is initiated 
after the shield canopy is lowered hydraulically. A hydraulic ram fixed to the 
support base pulls the support base forward across the floor. When the new face 
alignment is achieved, the operator raises the canopy by activating the cylinders 
carefully to avoid disturbing the roof. This series of steps can be initiated as soon 
as the shearer has passed the powered support.
30
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2.3.4 Face Conveyor Operation
The AFC is the unifying element in the longwall system. It guides the shearer and 
removes the sheared coal. It is positioned in its working place by the roof support 
shields, and in turn provides anchorage for moving the powered supports. The 
shearer operator often relies on the conveyor's position to obtain a reading on face 
alignment. Also, the productivity of the operation is gauged by how much coal the 
conveyor is carrying.
In the operation, the pans remain in their "cutting pass" position until the shearer 
returns to the maingate. As soon as the shearer Hits back toward the maingate, the 
pan-line is snaked to its new position near the face, ready for the next shearer cut 
cycle.
2.3.5 Shift and Available Time
Shift production is not only a function of downtime, but also of the production rate 
and time available per shift for production. The potential for increasing the 
available time is highly dependent on mine and panel specific characteristics and 
not a function of the mining system.
Reviewing Australian longwalls, most of them employ the shift regulation that is 4 
shifts a day and 7 hours a shift. Some longwalls use 8 hours and 9 hours a shift and 
3 shifts a day.
The available time is the time that the face crew is in the longwall face and 
theoretically available to perform work. It is the sum of operating time and delay 
time.
Therefore, the available time is
31
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T shift = Hours per shift - crew travel from the surface to face - crew travel
from the face to the surface - crib time (2.3)
Tday = Shifts per day x T shift (2.4)
The effective operating hours are determined by a number of scheduling factors 
which include the proportion of manned time to calendar time, the effective shift 
factor (effective time to manned time) and the move times.
The effective shift factor (Fshut) is the relationship of effective coaling shifts to 




2.3.6 “Ideal” Longwall Production Estimation
In principle the ‘ideal’ production rate is calculated for the face equipment chosen 
and the expected seam conditions. This allows for no delay whatsoever, (not even 
changing picks), which could never be achieved in practice over any extended 
period of time.
The capacity of the longwall equipment selected, the mining conditions, the 
operation cycle selected (i.e. Bi-Di or Uni-Di), the face length, cutting height, and 
available hours a day allow ‘ideal’ production in tonnes per day to be calculated.
Estimating coal tonnage is a process that requires a precise assessment of the 
geological variables, such as the lateral extent, thickness and specific gravity of the 
seams. Initial estimates of tonnages have to be reduced because of losses due to
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faulting, and washouts. Predicting the recoverable tonnage to the nearest tonne is a 
demanding task. However, estimating the variance of the estimation is attainable 
and useful.
A method is required that calculates the variance of the estimate taking into 
account the variability of the multifarious input paramétrés. This technique could 
then provide a performance estimation.
The ‘ideal’ ROM production is translated into expected production results using 
the available operating hours, (as given by the shifts worked and available time at 
the face each shift) and using a utilisation factor which can be estimated by 
compounding a large number of factors shown in Figure 2.3.
„ 60 x L x H x W x d  „P  = -------------------------x CT1 c
(2 .6)
Where: P = Production rate in tonnes per hour 
L = Face length in metres 
H = Cutting height in metres 
W = Web in metres
d = Density of coal in tonnes per cubic metre 
C = Loading coefficient of the shearer’s drum (generally 0.90 to 0.95) 
(The data sourced from Hartman (ed.), Peng and Chiang, 1993) 
Tc = Cycle time of a shear in minute
Uni-Di: Tc  = L - 15 (2.7)
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Figure 2.3. Factors determining estimated actual production rate 
(After Fawcett and Duncan, 1988)
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Where: Vi = Average working haulage speed of the shearer in metres per minute 
V2 = Flit speed of the shearer in metres per minute
2.4 LONGWALL PRODUCTION CALCULATION
The longwall production is mainly determined by the face design and mine 
infrastructure, and longwall system installations. The face layout is governed 
mainly by the geological situation appertaining in that particular area of the 
coalfield, but environmental and geotechnical criteria can also play a major role in 
the underground planning of the mine. Factors such as seam section, depth, 
gradient, extent of reserves and position of fault are the main geological 
considerations influencing face layout planning. In order to achieve the planned 
output from a face, it is necessary to specify shearers which can produce coal at the 
maximum output requirement; powered supports which are capable of effectively 
supporting the workings and have a cycle time commensurate to the maximum 
shearer speed and AFC and belt stage loader (BSL) able to convey the maximum 
rate tonnage. As well as considering these factors, the face end must be designed 
to include an adequate support system, coupled with the integration of AFC and 
BSL, so that rapid retreat of the unit can be achieved.
The mining methods and conditions, and the selection of the appreciate size and 
type of equipment are closely associated and determine longwall production and 
production constraints.
The longwall production calculation is presented in the formula below.
P d a y  ~  P  X T w  x Fsh1ft (2.9)
Where: Pday = Longwall production in tonnes per day 
P = Production rate in tonnes per hour
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Tw = The machine running time in hours per day 
F s h i f t  = Effective shift factor
The effective shift factor is the relationship and allowance for difference between 
effective coaling shifts to manned shifts. The factor is determined by equipment 
maintenance, organisation and manning practices. To develop an effective mine 
maintenance organisation, the five critical management tasks of proper planning, 
organising, staffing, directing, and controlling should be woven into the overall 
strategy. It is noted that a problem identification and performance measurement 
system should be an integral part of the maintenance program.
The overall concept governing all the philosophy on face design is that of simplicity 
and reliability with complete compatibility between all items of equipment. This is 
believed to be the surest way to attain and maintain the level of output and 
productivity which classify a face as a high performer.
2.4.1 Experience of Australian Longwalls 1994
2.4.1.1 Australian Longwall Locations and situations
There are five districts where longwall units are installed in Australia, four in 
NSW and one in Qld. In NSW the Southern and Western coalfields lie to the 
south and west of Sydney while the Newcastle (Northern) coalfield and Hunter 
lie to the north. Longwall mining in Queensland is near the towns of 
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Figure 2.6. Longwall collieries in the Newcastle coalfield, NSW(After Beckett, 1995)
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Figure 2.7. Longwall collieries in the Hunter Coalfield, NSW (After Beckett, 1995)
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Figure 2.8. Longwall collieries in the Bowen basin of Central Queensland(After Parkin, 1994)
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Table 2.4. Australian longwall locations by the end of June, 1995 
(The information sourced from Cram, 1995 (b))
Coalfield Longwall Colliery
Southern, NSW Appin, Brimstone, Cordeaux, Elouera, Oakdale, South 
Bulli, Tahmoor, Tower, West Cliff,
Western, NSW Angus Place, Baal Bone, Clarence, Springvale, Ulan,
Newcastle, NSW Cooranbong, Ellalong, Newstan, Teralba, West 
Wallsend, Wyee State, Gretley,
Hunter, NSW Cumnock (commencing longwall operation on 8/05/95), 
South Bulga, Wambo,
Bowen Basis, Qld Central, Southern, Gordonstone, North Goonyella 
(commencing longwall operation on 3/03/95), Oaky 
Creek,
Although longwalling has reached a high standard, Australian longwalls have a 
higher output potentials due to very good conditions of coal deposits and the use 
of advanced mining equipment. The following tables show range of features - 171 
completed longwalls and Figure 2.9. shows the Australian longwall production and 
number of the faces during the period of 1990 to 1994.
Figure 2.9. Australian longwall production and number of faces (1990-1994) 
(The data sourced from Cram, 1995 (b))
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Table 2.5. summarizes the dimension, face life and production of Australian 
longwalls in 1994. Table 2.6. presents the outlines of characteristics of face 
equipment of Australian longwalls in 1994.
Table 2.5. Dimension, face life and production 
of Australian longwalls in 1994 
(The data sourced from Anon, 1995 (a))
Item Maximum Minimum
Deposit depth, m 500 60
Seam thickness, m 4.0 1.45
Face length, m 250 85
Panel length, m 3200 400
Estimated specific energy of 
cutting, kWh/m3
1.62 0.355
Face life, calendar days 829 60
Actual production, t.p.d. 13 756 2 869
Table 2.6. Characteristics of face equipment of Australian longwalls in 1994
(The data sourced from Anon, 1995 (a))
Item Maximum Minimum
Shearer power, kW 1230 225
AFC, kW 1200 160
AFC width, mm 1050 700
AFC speed, m/s 2.6 0.63




Web, m 1 0.3
The capacity and reliability of the longwall equipment are key factors to achieve an 
ideal production. The recent upgrading of longwall equipment has yet again 
increased ‘state of the art’ limits. Ulan uses the world’s most powerful shearer and 
AFC. Some of the most advanced longwall machines, such as Eickhoff, 
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Figure 2.10. Factors determining ideal production rate (Adopted from Fawcett and Duncan, 1988)
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The constraints, such as shearer speed, AFC capacity, support advance rate, and 
belt (or transportation) speed, limit the longwall results as shown in Figure 2.10. 
The further increase in equipment size could lead to increased future ideal 
production rate and is expected to do so. In all cases, a concerted effort to increase 
the utilisation achieved is likely. For deep mines with thin to medium seams this 
offers the most viable path to improvement.
2.4.1.2 Longwall Face Dimensions in 1994
For a decade, the Australian longwall industry has shown a general trend towards 
larger panels and wider faces. Increasing panel dimensions has resulted in a partial 
increase in productivity by reducing move time. High performance is a comparative 
term in relation to time and the mining situation. The production rate from 
Australian longwalls in 1994 ranged from 15 858 tpd down to 3 536 tpd.
The planning of a high performance face should be related to the overall operating 
activity and its place in, and contribution to, the overall colliery plan assessed. 
Reviewing 26 Australian longwall cases in 1994 (Table2.7.), it was concluded 
that they belong to high performance faces with the respect to mining conditions, 
productions achieved and longwall installations.
2.4.1.3 Shift and Available Time
Table 2.8. shows the crew travel time and crib time of Australian longwalls in 
1994. Some of Australian longwalls employ the regulation of crew changes on the 
surface and others use the regulation for crew changes in underground but shift 
hours of all Australian longwalls include crew travel times and 14 faces of them 
adopt that cribs are split to maintain continuous productions (i.e. theoretically 
available time to perform work extends about 30 minutes per shift).
45
CHAPTER 2. Estimation of “Ideal” Longwall Production
Table 2.7. Australian longwall dimensions in 1994 










Appin 25 2.6 196 2 051 27-01-94 to 29-10-94
Brimstone 12 20-2.3 118 930 26-09-94 to 9-01-95
Cordeaux 22 2.4 200 2 550 12-07-94 to 6-03-95
Elouera 1 3.2 149 2 760 5-02-93 to 17-05-94
Oakdale 2 2.2 149 1 008 4-07-94 to 26-10-94
South Bulli 504 2.65 105 1 040 20-05-94 to 23-12-94
Tahmoor 13 2.1 225 830 6-07-94 to 11-11-94
Tower 10 2.5 200 2 654 22-08-94 to 16-02-95
West Cliff 20 2 3 - 2 .1 200 2 237 31-08-93 to 24-10-94
South Bulga 1 2.0-3.3 200 3 200 17-10-94 start
Wambo 4 3.5 195 1 420 18-10-93 to 13-09-94
Cooranbong 7B 2.7 130 486 16-05-94 to 27-07-94
Ellalong 12 3.2 200 1 100 25-07-94 to 21-04-95
Newstan 5 3.4 226 1 500 27-04-94 to 5-06-95
Teralba 12 2.5-3.0 200 2 000 28-10-93 to 28-09-94
West
Wallsend
10 2.2-2.3 202 1 228 21-11-94 to 19-04-95
Wyee 10 2.8-3.2 234 1 115 30-05-94 to 3-04-95
Angus Place 19 2.7-3.2 221 1 460 18-03-94 to 6-03-95
Baal Bone 14 2.3 200 1 840 27-10-94 to 6-04-95
Clarence 2 3.8-4.0 195 1 220 3-08-94 to 27-04-95
Springvale 1 2 .1 - 2 3 250 1 700 8-02-95 start
Ulan 8 2.9 250 1 973 16-06-94 to 10-02-95
Central 204 2.05 205 2 500 22-02-94 to 23-10-94
Southern 606 2.8 200 1 890 25-05-94 to 8-12-94
Gordonstone 103 3.0-3.1 250 1 573 21-06-94 to 27-11-94
Oaky Creek 5 3.2 198 1 675 to 27-02-95
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Appin 25 30 30 30
Brimstone 12 30 30 0
Cordeaux 22 20 20 0
Elouera 1 40 40 0
Oakdale 2 30 30 0
South Bulli 504 32 32 9
Tahmoor 13 25 25 30
Tower 10 25 25 0
West Cliff 20 32.5 32.5 30
South Bulga 1 20 20 0
Wambo 4 20 20 30
Cooranbong* 7B
Ellalong 12 35 35 30
Newstan* 5
Teralba 12 30 30 30
West Wallsend 10 45 45 30
Wyee 10 40 40 0
Angus Place 19 40 40 30
Baal Bone 14 30 30 0
Clarence 2 45 45 0
Springvale 1 25 25 0
Ulan 8 30 30 0
Central 204 30 30 0
Southern 606 35 35 0
Gordonstone 103 30 30 30
Oaky Creek 5 30 30 0
Note: The data of the longwalls marked with are not available from the 
collieries.
In the 24 Australian longwalls surveyed, five faces employ 9 hours a shift and 3 
shifts a day; 11 faces adopt 8 hours a shift and 3 shifts a day; and 9 faces use 7 
hours a shift and 4 shifts a day. Among them, only four longwall faces have 24 
hours a day of theoretically available time to perform work. This time ranged from 
16.5 h/d to 24 h/d. in the Australian longwalls. More details are presented in Table
2 .9 .
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Table 2.9. Working operation hours available of Australian longwalls in 1994
Colliery Face No. T shift (hour/shift) Tday (hour/day)
Appin 25 5.5 16.5
Brimstone 12 8 24
Cordeaux 22 6.3 19
Elouera 1 5.67 22.67
Oakdale 2 8 24
South Bulli 504 6.5 20.4
Tahmoor 13 5.67 22.67
Tower 10 7.17 21.5
West Cliff 20 6.42 19.25
South Bulga 1 7.3 22
Wambo 4 6.83 20.5
Cooranbong* 7B
Ellalong 12 6.3 19
Newstan* 5
Teralba 12 5.5 16.5
West Wallsend 10 6.0 18.0
Wyee 10 6.67 20
Angus Place 19 7.17 21.5
Baal Bone 14 6 24
Clarence 2 6.5 19.5
Springvale 1 7.17 21.5
Ulan 8 8.0 24
Central 204 7 21
Southern 606 6.8 20.5
Gordonstone 103 7.5 22.5
Oaky Creek 5 7 21
Note: The data of the longwalls marked with are not available from the 
collieries.
2.4.1.4 Longwall Production Rate
Longwall production rate depends on not only longwall mining installations, but 
also cutting methods, geological conditions, and coal deposit situations. In 1994, 9 
longwalls are applied for Bi-Directional cutting method, and others for Uni­
Directional cutting. The cycle time of a shear ranged from 11 min. to 69 min., 
which is a function of face length, working haulage speed of the shearer or flit
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speed of the shearer, and face end operations. Table 2.10. shows cycle time a shear 
and production rate of Australian longwalls in 1994. It is noted that the production 
rate, which employ the Bi-Directional cutting method, are much more than ones 
employed Uni-Directional cutting method. Of them, only Southern's longwall uses 
both cutting methods, i.e. 1 crew cuts Bi-directional and 2 crews cut Uni­
directional.
Table 2.10. Cycle time of a shear and production rate 
of Australian longwalls in 1994
Colliery Face No. Cutting method Tc (min.) P (t/h)
Appin 25 Uni-directional 40 825
Brimstone 12 Bi-directional 11 448
Cordeaux 22 Uni-directional 48 518
Elouera 1 Uni-directional 45 526
Oakdale 2 Uni-directional 24.3 419
South Bulli 504 Uni-directional 34 589
Tahmoor 13 Uni-directional 44 591
Tower 10 Uni-directional 39 665
West CUff 20 Uni-directional 54 558
South Bulga 1 Bi-directional 25 1 319
Wambo 4 Uni-directional 52.5 842.4
Cooranbong* 7B
Ellalong 12 Uni-directional 44 754
Newstan* 5
Teralba 12 Uni-directional 64 557
West Wallsend 10 Uni-directional 47 620
Wyee 10 Uni-directional 69 659.3
Angus Place 19 Bi-directional 44.2 956
Baal Bone 14 Uni-directional 45 662.4
Clarence 2 Uni-directional 65 758
Springvale 1 Bi-didrectional 42.2 686.2
Ulan 8 Bi-directional 63 1 492
Central 204 Bi-directional 45.2 602.5
Southern 606 Uni-directional 34 1 014
Bi-directional 43 1 604
Gordonstone 103 Bi-directional 25.85 1720
Oaky Creek 5 Bi-directional 20.1 2 043
Note: The data of the longwalls marked with are not available from the 
collieries.
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2.4.1.5 Longwall Operations
The operation of a longwall unit involves working with geological attributes such 
as depth of cover, inherent stress, roof and floor rock strengths and seam height 
over which one has little control. The art and science of management of a 
successful longwall is to make decisions which maximise production in such an 
environment. The more details of longwall operation data, such as production days 
available, lost days, production days worked, total productions, average daily 
production, production shifts worked and average shift production, of Australian 
longwalls in 1994 are listed in Table 2.11.
Table 2.11. Total, shift and daily productions of Australian longwalls in 1994 
(The data sourced from Cram, 1995 (b))
C o ll ie r y F a c e
N o .
P rod  d a y s  





w o r k ed
T o ta l prod , 
(to n n es)





w o r k ed
A v . sh ift  
p rod , (t)
Appin 25 241 9 224 1 745 399 7 792 700 2 493
Brimstone 12 85 0 83 293 486 3 536 211 1 391
Cordeaux 22 204 2 196 1 863 916 9 510 682 2 733
Elouera 1 341 16 325 2 009 734 6 184 1 006 1998
Oakdale 2 99 0 97 488 143 5 032 273 1 788
South Bulli 504 72 3 57 343 451 6 025 144 2 385
Tahmoor 13 111 4 89 551 567 6 197 293 1 883
Tower 10 154 5 122 714 121 5 854 350 2 040
West Cliff 20 377 14 346 1 861 770 5 381 975 1910
South Bulga 1 225 0 188 1 522 218 8 097 453 3 360
Wambo 4 284 7 217 1 379 183 6 356 521 2 647
Cooranbong 7B 63 2 54 221 214 4 097 164 1 349
Ellalong 12 266 4 260 1 122 487 4 317 489 2 296
Newstan 5 400 0 399 1 773 954 4 446 1020 1 739
Teralba 12 281 9 226 1 602 132 7 089 697 2 299
West
Wallsend
10 130 0 114 874 910 7 675 297 2 946
Wyee 10 270 0 237 1 221 512 5 154 600 2 036
Angus Place 19 345 4 343 1 390 206 4 053 740 1 879
Baal Bone 14 140 3 136 1 316 412 9 680 459 2 868
Clarence 2 230 4 191 1 264 942 6 623 443 2 856
Springvale 1 124 2 100 441991 4 420 168 2 631
Ulan 8 201 2 162 2 077 736 12 826 389 5 341
Central 204 196 12 175 1 782 371 10 185 399 4 467
Southern 606 162 6 145 1474 711 10 170 351 4 202
Gordons tone 103 160 10 150 2 378 671 15 858 378 6 293
Oaky Creek 5 210 10 191 1 506 196 7 886 427 3 527
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2.4.1.6 “Ideal” and Actual Longwall Production
Longwall production is more sensitive to changes in the available time (T a) and the 
production (P). Comparisons for “ideal” and actual productions provide an 
effective means for evaluating section performances. For any given mining section, 
a tradeoff exists whereby a production increase can be achieved by reducing the 
difference between “ideal” and actual productions. This can be realised by either 
increasing available time (TA) or decreasing the delay times. Table 2.12. shows 
“ideal” and actual productions of Australian longwalls in 1994 and Figure 2.11. 
outlines Australian longwall productions in 1994. The “ideal” production is a sum 
of actual production and production lost. The “ideal” productions are calculated 
according to the data provided by the longwall collieries. The figure reveals that a
Table 2.12. “Ideal” and actual longwall production 
of Australian longwalls in 1994
Colliery Face No. “Ideal” (t/d) Actual (t/d)
Appin 25 13 613 7 792
Brimstone 12 10 752 3 536
Cordeaux 22 9 850 9 510
Elouera 1 11924 6 184
Oakdale 2 10 056 5 032
South Bulli 504 11486 6 025
Tahmoor 13 13 396 6 197
Tower 10 14 298 5 854
West Cliff 20 10 742 5 381
South Bulga 1 29 018 8 097
Wambo 4 17 269 6 356
Cooranbong 7B 4 097
Ellalong 12 14 330 4 317
Newstan 5 4 446
Teralba 12 9 192 7 089
West Wallsend 10 11 162 7 675
Wvee 10 13 186 5 154
Angus Place 19 20 554 4 053
Baal Bone 14 15 897.6 9 680
Clarence 2 14 781 6 623
Springvale 1 14 753 4 420
Ulan 8 35 813 12 826
Central 204 12 653.5 10 185
Southern 606 24 696 10 170
Gordonstone 103 38 700 15 858
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significant amount of the longwall production implied by the amount of production 
lost, which resulted from delays and downtimes. In addition, the figure also states 
the capabilities of Australian longwall installations in 1994, which are recognised as 
a leading level all over the world.
2.4.2 Experiences of South Bulli and Appin’s Longwalls
South Bulli Colliery and Appin Colliery are located in the Southern coalfield, 
NSW, Australia and have over 30-year experiences of longwall operations. The 
locations are shown in Figure 2.4.
Table 2.13. South Bulli and Appin’s longwall dimensions 
(The data sourced from Cram, 1995 (b))









2.65 100 1172 12-07-93 to 27-11-93
LW502 2.65 100 1172 14-12-93 to 29-04-94
LW503 2.65 105 1040 20-05-94 to 16-09-94
LW504 2.65 105 1040 4-10-94 to 23-12-94
LW505 2.65 105 856 6-02-95 to 1-05-95
LW24
(Appin)
2.6 196 2051 28-04-93 to 8-12-93
LW25 2.6 196 2051 27-01-94 to 29-10-94
1. Shift: South Bulli case: 3 shifts a day and 8 hours a shift
Appin case: 4 shifts a day and 7 hours a shift (shift change underground)
2. Average crew travel from the surface to face and average crew travel from face 
to the surface are listed in Table 2.14.
3. Crib: The crib is the time that crew have meals during the shift when the 
longwall system stops. For South Bulli and Appin’s longwalls it is 
shown in Table 2.14.
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Table 2.14. Crew travel time and crib time of 
South Bulli and Appin’s longwalls
Face Crew travel from 
surface to face
Crew travel from face 
to surface
Crib time
LW501 42 min. 42 min. 37.0 min.
LW502 40 min. 40 min. 44.0 min.
LW503 40 min. 40 min. 25.4 min.
LW504 32 min. 32 min. 26.6 min.
LW505 20 min 20 min. 8.3 min.
LW24 30 min. 30 min. 30 min.
LW25 30 min. 30 min. 30 min.
4. Working operation hours available without any delay:
The working operation hours available a day for the South Bulli and Appin’s 
longwalls are shown in Table 2.15., and the cycle time and longwall production 
rate are presented in Table 2.16.
Table 2.15. Working operation hours available 
of South Bulli and Appin’s longwalls








Table 2.16. Cycle time and production rate of 
South Bulli and Appin’s longwalls
Face Cutting method T c (min.) P (tonne/hour)
LW501 Uni-directional 32 536
LW502 Uni-directional 32 536
LW503 Uni-directional 34 530
LW504 Uni-directional 34 530
LW505 Uni-directional 34 530
LW24 Uni-directional 40 825
LW25 Uni-directional 40 825
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Table 2.17. Operations in details and actual production 
of South Bulli and Appin’s longwalls 
(The data sourced from Cram, 1995 (b))
Face LW 501 LW 502 LW 503 LW 504 LW 505 LW 24 LW 25
Prod days available 119 123 103 72 70 194 241
Lost days due 
industry
to 8 7 1 3 0 4 9
Prod days worked 80 84 78 58 47 188 224
Total production  
tonne
in 4 5 8 0 6 2 4 5 5 8 3 7 4 1 5 5 4 8 343451 352077 1707 897 1745 399
A ve.daily  prod 
tonne
in 57 2 6 5427 5328 5922 7491 9085 7792
Prod shifts worked 155 206 165 144 115 580 700
A ve. sh ift prod 
tonne
in 2955 2213 2519 2385 3062 2945 2493
Table 2.18. Face dimension, “ideal” and actual productions, and 
















speed of shearer 
m/min.
LW501 2.65 100 3 216 9 648 5 726 4.5
LW502 2.65 100 3 162 9 487 5 427 4.5
LW503 2.65 105 3 286 9 858 5 328 4.5
LW504 2.65 105 3 445 10 335 5 922 4.5
LW505 2.65 105 3 816 11448 7 491 4.5
LW24 2.6 196 4 538 18 150 9 085 7.5
LW25 2.6 196 4 538 18 150 7 792 7.5
2.5 “IDEAL” AND ACTUAL LONGWALL PRODUCTION 
COMPARISON
At the heart of the mining process are a number of basic and fundamental tasks 
whose regular and repeat performance constitute the mining cycle. These tasks are 
the basic components of the mining system.
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Obviously, the actual procedures undertaken in any specific mining system will 
appear to be very different from those taken in any other system. The assumed 
conditions of "ideal" longwall production estimation are defined as the same 
fundamental principle to the actual situations in order to compare the performance 
according to the ‘ideal’ production estimation, longwall panel paramétrés, and data 
were come from a coal mine site. Figure 2.12. shows the comparison between 
‘ideal’ and actual longwall productions of the seven longwalls on the basis of the 
same available time. It can be clearly seen that the actual productions are quite 
distinct to the “ideal” ones. The reasons for actual poor performance are presented 
in a subsquent section.
LW501 LW502 LW503 LW504 LW505
Longwall Face
LW24 LW25
Figure 2.12. South Bulli and Appin’s longwall “ideal” and actual production
comparison
The difference between the “ideal” and actual production rate results obviously 
poses the question - ‘What causes the difference?’.
After reviewing the whole activities ol South Bulli and Appin s longwall opeiations 
this difference results from that effective operating time (or the machine running 
time) is much less than the available time. It is determined by the operational delays 
(or time lost) and machines’ delays (or breakdown time).
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2.6 CONCLUSIONS
An increased emphasis on longwall equipment reliability and availability leads to a 
reduction in the difference between "Ideal" and actual longwall production. This 
includes:
1. Its effect on longwall mining systems and outbye transport systems including 
shaft capacity and the ability of the surface plant to handle the product.
2. Maximising the time available for work at the face by minimising the time taken 
to travel to and from the work place.
3. Ensuring that best use is made of the face available time by minimising delay 
and stoppages time of longwall mining system. Great emphasis is placed on the 
basic reliability of the original equipment and a rigorous monitoring system is 
adopted to identify and correct any available lost time.
Consideration of these factors plays an important part in the achievement of the 
potential performance of the face. In the light of the increasingly important role of 
the heavy longwall installation with a high capital cost, it is imperative that the 
pace should continue to increase the potential for the reduction of the difference 
between "ideal" and actual longwall productions.
For Australian longwall operations in 1994 and South Bulli and Appin’s longwalls, 
the establishment of “ideal” longwall production estimation results in a lot of 
production lost, which results from “ideal” production minus actual ones. It is 
stated that Australian longwalls have a large potential performance. Only 
evaluation of longwall operations and analysis for the reasons of any kind of delays 




EVALUATION OF LONGWALL MINING 
OPERATIONS
3.1 INTRODUCTION
The longwall mining system offers high productivity, safety and resource recovery, 
however, it is also a capital intensive system. The profitable introduction of such a 
system requires the achievement of highest levels of reliability and availability 
during operations. In the modem capital intensive longwall industry, the system 
evaluation is one of the key factors for achieving optional equipment performance. 
Productivity is a function of both the asset utilisation and the assets performance 
when they are in use. The evaluation of a longwall mining system has a large 
impact on longwall system productivity through the level of the availability, 
utilisation, overall utilisation, and mean time to failure (MTTF), mean time to 
repair (MTTR) and mean time between failures (MTBF), mean time between 
repairs (MTBR). Objectives for a longwall system’s performance often contain a 
combination of physical, economic, and geological factors.
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3.2 EQUIPMENT AVAILABILITY
The ability of equipment item (under combined aspects of its reliability, 
maintainability and, maintenance support) to perform its required function at a 
stated instant of time or over a stated period of time (BS4778) is defined as 





















Figure 3.1. Time distribution of longwall system operations
Three most important availability measures for longwall mining equipment are 
inherent availability; achieved availability; and operational availability. When 
availability figures are used to estimate the production capacity of a mining system, 
the second measure provides more meaningful calculations of the expected 
production for small time-intervals (e.g. unit in minute), because the system may 
not reach its steady state for a considerable period of time, sometimes longer than 
the duration of a production shift.
Availability is defined by the actual time that machines and systems are available 
for productions or probability that the machine is ready for use when needed. 
Availability is the total time minus the time required for the maintenance, 
breakdowns, and repair actions. In turn, availability can be defined as the period of 
time for which an item of equipment is available for use and is expressed as a
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percentage. “Availability” encompasses not only inherent machine reliability but 
also the life cycle requirements of overhauling and maintenance-maintainability.
With the increasing cost and complexity of modern longwall mining systems, the 
importance of reliability is an effectiveness parameter, which should be specified 
and paid for. As an effectiveness parameter, reliability can ‘trade off against other 
parameters. Reliability generally affects availability, and in this context 
maintainability is also relevant. Reliability and maintainability are often related to 
availability.
3.2.1 Inherent Availability (Ai)
Inherent availability is the probability that a system or equipment when used under 
the stated conditions, without consideration for any scheduled or preventive 
maintenance in an ideal support environment (that is , available tools, parts, 
manpower, manuals, etc.), shall operate satisfactory at any given time. It excludes, 
ready time, preventive maintenance downtime, supply downtime, and waiting or 
administrative downtime. It can be expressed as (Hamadani, 1980):
A  = M T B FM T B F + M T T R
(3.1)
Where:
MTBF= mean time between failure and 
MTTR= mean time to repair.
This is the simplest steady-state situation which can be improved by improving 
either mean time between failures (MTBF) or mean time to repair (MTTR).
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3.2.2 Achieved Availability (Aa)
The probability that a system or equipment when used under stated conditions in 
an ideal support environment shall operate satisfactorily at any given time. It 
excludes supply downtime and waiting or administrative downtime. It is expressed 
as (Hamadani, 1980):
M T B M  
M T B M  +  M
(3.2)
Where:
MTBM = mean time between maintenance and 
M = mean maintenance downtime due to breakdown and preventive 
maintenance actions.
3.2.3 Operational Availability (A0)
The probability that a system or equipment when used under stated conditions and 
in an actual supply environment shall operate satisfactorily at any given time by 
considering ready time, logistics (supply) time, and waiting time along with 
corrective and preventive maintenance downtimes. It can be expressed as 
(Hamadani, 1980):
MTBF + ready time
Ao = ------------------------------- (3-3>MTBF + ready time + MDT
where:
MDT = mean downtime = M + delay time due to supply and 
administrative factors.
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3.2.4 Working Experience with the South Bulli and Appin Longwall 
Operations




Type: MCLE 101101 DERDS
Drum diameter/web: 1.6/1 m
Cutting height: 2.55m - 2.65 m
Power: 500 KW
Anderson
Elec tra 1000 DERDS 
1.8/1 m 
2.5 m - 2.9 m 
1000 KW
2. AFC:
Manufacturer: Australian longwall Australian longwall
Width, chain size: 940mm/30mm twin in board lm/30mm twin in-board 
Speed: 0.63 m/s 1.26 m/s
Power: 185 KW 1044 KW 3
3. Roof supports:
Manufacturer: Australian longwall Australian longwall
Type, number of supports: 4-leg chock shield,70 4-leg chock shield, 133 
Yield load, working range: 680t, 2.94m - 1.9m 750t, 180m - 3.7m
2. Longwall machines’ availability:
Longwall machines’ availabilities exclude the breakdown time of the equipment, 
which classified mechanical and electrical delays. Across the longwall operations of 
South Bulli and Appin cases, the lowest availabilities of longwall installations are 
shearer, section belt and AFC, i.e. the major problems for longwall mining delays
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result from the these longwall machines’ breakdown. Other longwall installations, 
such as BSL, powered supports, general electrical etc., are almost free from the 
delay. The more details of the equipment availabilities for South Bulli and Appin’s 
longwalls are listed in Table 3.1.
Table 3.1. Machine availability for South Bulli and Appin’s longwalls
Face Machine LW501 LW502 LW503 LW504 LW505 LW24 LW25
Gen. Electrical 99.85% 99.4% 99.74% 99% 98.91% 99.42% 99.06%
AFC 99.73% 97.92% 98.46% 97.4% 96.9% 99.73% 98.87%
BSL 99.75% 99.52% 99.94% 99.64% 99.89% 99.45% 99.74%
Section Belt 1 99.41% 97.53% 97.23% 98.22% 98.1% 96.13% 97.2%
Section Belt 2 99.67% - - - - - -
Shearer 97.6% 97.53% 98.35% 97.51% 98.18% 97.17% 97.7%
Pump Station - 99.8% 99.98% - - - -
Supports 99.84% 99.8% 99.89% 99.69% 99.86% 99.17% 99.21%
Lighting 99.84% 99.88% 99.46% 99.97% 99.97% - -
Other 1 99.93% 99.82% 99.78% 99.99% - 97.9% 99.49%
Other 2 99.89% 99.98% 99.87% - - - -
Other 3 - 99.75% 99.95% - - - -
Other 4 - 99.81% - - - - -
Other 5 - 99.97% - - - - -
3.3 UTILISATION
Although there is no direct link between the utilisation and production rate the 
productivity is the utilisation multiplied by the efficiency (Anon, 1993).
Production Days
Utilisation = ■— --------------------------
Face Life Calendar Days
Maximum utilisation of 100% is based on seven days per week operation. 
Obviously, it is impossible in terms of maintenance, leaving aside other operational
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problems and industrial constraints. It would appear a utilisation (allocated 
production time) around the 70% level is optimal for production over the long 
term.
3.3.1 Experiences with Australian Longwall (1990 to 1994)
The Joint Coal Board (JCB) data (Cram, 1995 (b)) included operational shifts in a 
period (3 months) and shift length. This allowed the calculation of utilisation. 
Figure 3.2. to Figure 3.6. show the utilisations of the Australian longwalls covering 
the last five years.
3.4 OVERALL UTILISATION
The ‘ideal’ production is translated into actual production results using the 
available operating hours, (as given by the shifts worked and available time at the 
face each shift) and using an overall utilisation factor which can be estimated by 
compounding a large number of factors shown in Figure 1.4. As shown these 
factors include the learning curve, extended travelling time, allowance for 
maintenance and various types of breakdown, operational and face end delays, 
delays caused by geological hazard/variations, delays caused by other hazards, (say 
gas, water etc.), and delays when preparing to withdraw the face or start a new 
face etc.
A wide variety of factors affect the utilisation and these include scheduling as well 
as problems arising from many natural hazards - high gas presence, high general 
ground stress, stress zones, faults, dikes and so on. Reliable mine production 
depends upon the control of management factors and the ability to predict natural 
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Figure 3.2. Utilisation and production of coal for Australian longwalls in 1990
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Figure 3.5. Utilisation and production of coal for Australian longwalls in 1993
Note:
1. Clarence (Start Oct 93)
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Figure 3.6. Utilisation and production of coal for Australian longwalls in 1994
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Ideal
Production - X -
Overall
Utilisation — x —
Available
Operating —  _ —
Estimated
Average
Rate (toh) %/100 hour ner dav Production (tod)
(3.5)
3.4.1 Results with Australian Longwalls in 1994
Average utilisation and overall utilisation (allocated production time) for Australian 
longwalls in 1994 are 69.1% and 47.9%, which indicate a large potential source of 
production at marginal cost by merely increasing utilisation. The more details of 
utilisation and overall utilisation for Australian longwalls in 1994 are listed in Table 
3.2.
Two alternatives, or more likely, some combinations of both, present themselves 
for future improvement in results:
- Further increases in the capacities of the AFC, shearer, and in the support 
advance rates, and
- Increase in the utilisation and overall utilisation achieved within each day, each 
week and each year.
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Table 3.2. Utilisation and overall utilisation of the Australian longwalls in 1994
Colliery Face No. Utilisation (%) Overall utilisation ( % )
Appin 25 81.16 57.24
Brimstone 12 78.3 32.89
Cordeaux 22 82.35 96.55
Elouera 1 69.44 51.86
Oakdale 2 87.39 50.04
South Bulli 504 67.44 52.46
Tahmoor 13 68.99 46.26
Tower 10 68.16 40.94
West Cliff 20 82.38 50.09
South Bulga 1 73.15 27.9
Wambo 4 65.56 36.81
Cooranbong * 7B 73.97
Ellalong 12 96.3 30.13
Newstan * 5 98.52
Teralba 12 73.38 77.12
West Wallsend 10 76 68.76
Wyee 10 76.67 39.09
Angus Place 19 97.17 19.72
Baal Bone 14 74.32 60.89
Clarence 2 78.93 44.81
Springvale 1 69.93 29.96
Ulan 8 67.5 35.81
Central 204 71.72 80.49
Southern 606 73.23 41.18
Gordons tone 103 93.75 40.98
Oaky Creek 5 30.64
Note: The data of the longwalls marked with are not available from the 
collieries.
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3.5 SYSTEM AVAILABILITY (ASYs)
The impact of delays on mine system performance is usually difficult to measure. 
The primary parameters of importance in any study is the system availability. 
Longwall production is most sensitive to system availability. The system success or 
failure can be described by a combination of top events defined by an OR 
combination of all system hazards into composite fault. Therefore, system 
availability is the probability of the system operating successfully when the top 
event refers to an OR combination of all system hazards (Sherwin and Bossche, 
1993).
Where:
0SYs: System mean time between failures, MTBF, = / „  (3.7)
i=i
(])syS' System mean time to repair, MTTR, ty ^ s  = £ ( % ) x 0 SYS
i=l '
(3.8)
In practical calculations based on equation above, it is minimally necessary to know 
all the component MTBFs and MTTRs.
General formula for combining series steady-state availability is (Sherwin and 
Bossche, 1993)
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Generally, the production process in a longwall system can be summarised into 
coal cutting, loading, conveying, roof support, and roof control by caving. Thus, 
the system depends not only on the availability of individual components, but also 
on the structure of the system.
The system availability is also indicated in the other form that is the product of the 
subsystem availabilities (Sherwin and Bossche, 1993).
Asrs = T H ,  (3-10)
1=1
For a series system like longwall mining (Sherwin and Bossche, 1993)
Âs < Min{Ai} (3.11)
When preventive maintenance downtime is zero or not considered, then MTBM 
becomes mean time to failure. Mainly the user of a system is interested in its 
operational availability or readiness.
The elements combined to yield system operational availability are shown in Figure 
3.7.
Figure 3.7. Relation of maintainability elements to availability 
(Adopted from Hamadani, 1980)
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3.5.1 Experiences with the South Bulli and Appin longwalls
LW501 LW502 LW503 LW504 LW505 LW24 LW25
L ongw all Face
Figure 3.8. System availability of South Bulli and Appin’s longwalls
The system availabilities of the South Bulli and Appin longwalls are shown in 
Figure 3.8.
3.6 RELIABILITY AND MAINTAINABILITY
The definition of maintainability is that a characteristic of design and installation 
which is expressed as the probability that an item will confirm to specified 
conditions within a given period of time when maintenance action is performed in 
accordance with prescribed procedures and resources.
A maintenance action is either of a corrective or a preventive nature; corrective 
maintenance is that maintenance performed to restore an item to a satisfactory 
condition by providing correction of a malfunction which has caused degradation
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of the system’s required performance. Preventive maintenance refers to the action 
performed to retain an item in satisfactory operational condition in order to avoid 
unscheduled shutdown, this can be done by providing systematic inspection 
detection, and prevention of incipient failures.
Maintainability is defined as the probability that a system in a failed state will be 
restored to its operational state within a specified time period when maintenance is 
performed according to stated conditions. Most systems are maintained, that is, 
they are repaired when they fail to keep operating. In symbolic form, 
maintainability is expressed in terms of maintainability function, M(t). 
Maintainability can also be quantified as the mean time to repair (MTTR). MTTR 
is defined as the expected value of time to repair a component after it has failed. 
The time to repair is usually divided into three groups: (1) preparation time which 
is the time it takes to start the actual job of maintenance or repair and includes such 
things as locating the person, travel time, and assembling the necessary equipment 
and components; (2) active maintenance time which is the time it takes to perform 
the maintenance or repair; and (3) delay time, the time spent in waiting for spares 
etc., once the job has been started. The inverse of MTTR is defined as the repair 
rate (u) and u = 1/MTTR.
The principal cause of reduced mine productivity is excessive down time caused by 
delays of various types; i.e., operational, mechanical, and electrical. MTTF, MTTR 
and MTBF, MTBR are sometimes used as normalised measures for down time.
Mean time to failure (or MTTF) is the expected value of the time to failure (TTF) 
which is the span of time from repair to first failure. This is obtained by (Sherwin 
and Bossche, 1993):
M T T F  = j  f x f ( t ) d t  (3-12)
0
Where: f(t)= hazard rate
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The quantity f(t)dt is the probability that the TTF is around t, so above equation 
the average of all possible TTF’s.
Mean time to repair (or MTTR) is the expected value of the time to repair (TTR) 
which is the length of time from the failure to the succeeding first repair. In other 
words, the summation of active repair time during a given period of time divided 
by the total number of malfunctions during the same time interval. The mean time 
to repair is given by (Sherwin and Bossche, 1993):
M T T R  = |  t g ( t ) d t  (3.13)
0
Where: g(t)= repair rate
The mean time between failure. (MTBF) is the expected length of time between 
two consecutive failures. It is equal to the sum of MTTF and MTTR. The mean 
time between repairs (MTBR) is the expected length of time between two 
consecutive repairs. It equals the sum of MTTF and MTTR (O’Connor, 1991).
MTB R=MTB F=MTTF+MTTR (3.14)
Elimination of intrinsic downtime, the downtime associated with equipment 
breakdowns, can be accomplished in two general ways: 1. reduce MTTR, and 2. 
increase MTTF.
1. Reduction of MTTR:
1) Develop a fault-diagnosis system. Studies have shown that a large part of the 
repair period for longwall equipment is spent in fault diagnosis. A Fuzzy Logic- 
based system (Kar, 1989) has been developed which establishes a probabilistic 
decision matrix relating common symptoms to failure causes.
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2) Perform a statistical analysis of the consumption of parts subject to moderate or 
frequent failure. Use the results to optimise the inventory of parts and tools at 
the face.
2. Increase of MTTF:
1) Perform a statistical analysis to determine the expected life of parts or 
assemblies with large repair times, and establish scheduled change-out intervals.
2) Request that components with an unacceptably short expected life be 
redesigned.
3) Perform short-duration, frequently occurring, preventive maintenance tasks 
whenever the system is down.
4) Develop a repair procedure which includes the inspection and replacement of 
common fault components. Follow-up procedures such as flushing a hydraulic 
circuit when replacing the circuit’s filter can also eliminate “chains” of failure 
events.
3.7 FAILURE POSSIBILITY
There are four possible scenarios of the total longwall system breakdowns shown 
in the Table 3.3.
1. Scenario I: skew TTF (+) and TTR (+)
The system is burdened with many short, frequent breakdowns. If the MTTF is 
very small it may be concluded that the system is being ‘nicked and dimmed’ or to
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Note: TTF = Time To Failure 
TTR = Time To Repair PDF = Probability Density Function TTF (+) = The quality of small lrequent failure 
TTF (-) = The quality of high frequent failure 
TTR (+) = The quality of short repair time required 
TTR (+) = The quality of long repair time required
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be neglectful. Perhaps, the quality of small frequent failure items, such as hoses 
should be improved.
2. Scenario II: skew TTF (-) and TTR (-)
In this case, the components of the system have large, high - quality. Such a 
component fails infrequently and usually requires more time for repair when it 
does.
3. Scenario III: skew TTF (-) and TTR (+)
This case is a worst scenario. The parts fail very frequently, and then take a long 
time to repair. A component or system with this characteristic needs major design 
modification or organisational.
4. Scenario IV: skew TTF(+) and TTR (-)
This case is a best scenario. The equipment rarely fails, and then requires little time 
to repair when it does. This would be a logical theoretical goal for the operational 
efficiency of a system.
3.8 DISCUSSIONS AND CONCLUSIONS
The performance evaluation of a longwall system depends on a number of factors 
in addition and complementary to its attributes regarding effectiveness of 
operations. Although efficiency, production, productivity, etc., usually considered 
the characteristic factors of a system, its performance will be greatly affected by 
design for reliability and maintainability, operating strategy, maintenance policy, 
and spare part inventory and procurement policy.
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Safety margins should generally be based on risk factors but are more often based 
on guesswork. Since it increasingly uses automated or adaptive longwall mining 
systems with short response times, the evaluation of longwall operations has 
become more difficult.
Radical evaluation to a new longwall system could simplify the control problem to 
such as extent as to permit a comparable reliability of control and control to be 
attained.
An important reason for greater emphasis on evaluation of longwall operations is 
to estimate the extent of the operations and management, which involve ability of 
human resources and performance of equipment. In the longwall run, it will always 
pay to operate and manage the right order of magnitude of longwall system 
operations. If a carefully treated component or system fails, it is of little use to 
change the paramétrés without fully investigating the cause of failure, which are 
often completely unrelated to the failure event.
There is a clear need to analyse longwall delays more rigorously by analytical 
techniques of reliability engineering to estimate the reliability, maintainability and 
availability of the system components and the system itself. Specifically, reliability 
analysis of longwall systems would indicate the survival rate of equipment or 
system. Similarly, maintainability analysis is desirable to evaluate the maintenance 
strategies and crew performance. Availability analysis which is related to reliability 
and maintainability would give an estimate of the average up time of equipment 
and of the total system. Such an assessment will point to major directions for 
improvement in equipment and system performance. Such an analysis will, 
however, require a detailed failure analysis of equipment and the characterisation 
of the distribution functions of failure data.
Availability is an important consideration in relatively complex systems, such as a 
longwall mining system. In such a system, high reliability by itself is not sufficient 
to ensure that the system will be available when needed. A measure of effectiveness
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of great importance to the analysis of maintained system is availability. It is also 
necessary to ensure that, in case of failure, it can be repaired quickly. Therefore, 
maintainability is an important aspect of design for increasing availability. In 
practice, trade-oils are olten necessary between reliability and maintainability 
features.
An approach is based on the concept of integrated longwall system design as 
shown in Figure 3.9. Systems design is not only based on systems performance and 
reliability requirements; but should include systems performance and reliability 
requirements. It is obvious that both a performance and reliability of a system 
design depend on how it can be and is operated.
Maintainability-
---x--------------
> System design «- 





System design ___ 2Opei:____‘ating
policy
Figure 3.9. The flowchart of longwall system design 
(After Frankell, 1988)
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The conclusions for Chapter 3 are summarised into the followings:
o The shearers exhibited the lowest availability of the longwall mining 
equipment.
o The face conveyors exhibited the highest availability of the three major 
components.
o Utilisation for Australian longwalls in 1990 to 1994 are listed in Table
3.4. It would appear that utilisation and tonnes per shift productivity are 
not related. Hence, with no deterioration of productivity with increase in 
utilisation there would be a large untapped production capacity in 
Australian longwalls.
Table 3.4. Utilisation for Australian longwalls 
in 1990 to 1994
Year 1990 1991 1992 1993 1994
Maximum 81.85% 75.3% 85.8% 96.7% 92%
Minimum 62.54% 38.2% 49.2% 46.7% 34.1%
Average 73.75% 58.81% 66.66% 65.6% 66.53%
o Besides available operating hours, the overall utilisation depend on 
the actual productions translated from “ideal” productions. The overall 






This chapter describes the analytical techniques used to determine those longwall 
components most in need of improvements and most likely to result in productivity 
improvement. The data used in the analyses were obtained through full shift on­
site computer-base monitoring system of longwall operation and section foreman 
reports for the respective sections. The combination of these two data sources 
provided the quantitative data base from which the statistical values were obtained 
for use in the analysis.
It is stated that the longwall delay assessment objective is to reduce unnecessary 
delay time and introduce equipment which is to perform reliably during its working 
life. In general, to obtain highly reliable equipment requirement, its capital cost 
increases and support costs reduces as more reliable equipment fails with less 
frequency. Adding both costs together produces a curve whose minimum is not 
100 percent reliability as illustrated in Figure 4.1. Therefore, what is required is a
83
CHAPTER 4. Longwall Delay Assessment
level of reliability compatible with the operational systems allowing performance 
and production to be maximised.
Figure 4.1. Reliability and life cycle costs (traditional view) 
(Adopted from O'Connor, 1991)
4.2 THE ASSESSMENT PROCESS
In order to completely monitor the performance and operation of the longwall and 
to determine its availability, reliability and maintainability, the data was collected by 
various methods, incorporating both manual and automatic techniques. The 
automatic data recording system employed a computer-base monitoring system 
which was capable of constantly monitoring the longwall mining system 
throughout the shift and therefore captured any anomalies in terms of the 
operations. Longwall operation assessment is the piocess ol utilising actual 
performance data to estimate the achieved (inherent) reliability of the current 
longwall equipment. It depends on the establishment of the delay data loimats.
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4.2.1 Description of System
Longwall mining is a complex and highly productive system. It characterised by 
very close subsystem interaction. As such, it is prone to production loss due to 
various problems related to the system and shift production is more sensitive to 
changes in downtime per tonne than to the production rate. Furthermore, because 
of the high production from longwall faces, mine production can fluctuate 
significantly as a result of stoppage of these faces for either technical or 
organisational reasons. As can be seen that a longwall mining system is a serially 
connected set of several large equipment components and the failure of one 
component stops the whole operations. The subsystems generate a description of 
system operations in the form of a block diagram that shows how the components 
or subsystems are functionally connected and provide a basis for the later 
description of the states of the system.
Shearer > AFC Stage Loader Section Belt Roof Support
Pump Station Outbye Transportation * Water Reticulation n
> Environment ► Lighting Equipment * Geology
Figure 4.2. Block diagram for longwall mining system 
(After Ercelebi and Yegulalp, 1993)
4.2.2 Transition Diagram
An effective approach to system performance evaluation and systems performance 
policy determination is provided by a Markov approach (Frankel, 1988). Given the 
transition probabilities of a given system are known, it can usually be assumed the
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components of the system to be represented by a Markov chain in the form of a 
transition probability or stochastic matrix P. This transition matrix relates the 





Such a stochastic matrix expresses the operating and /or maintenance policy of the 
system whose perfect state is 0 with state 1 in increasingly degraded states.
The logical approach in reliability/availability analysis is to sub-divide the system 
into its functional entities. Each entity has basic events related to system 
components with binary states, i.e., normal state and failed state. Here, by 
components it is meant that subsystems such as, shearer, AFC, belt etc. Then, this 
quantification is extended to components having plural failure modes. The 
transition diagram defines the different states of the system.
It is assumed that at any given time a component is either functioning normally or 
failed, and that the component state changes as time evolves. The failed state 
continues forever if the component is non-repairable. A repairable component 
remains in the failed state for a period, then undergoes a transition to the normal 
state when the repair is completed. It is assumed that the component changes its 
state instantaneously when the transition takes place.
The state transitions of the longwall system are summarised by the transition 
diagram (Markov diagram) of Figure 4.3.
The transition to the normal state is called r e p a i r , whereas the transition to the 
failed state is f a i lu r e .
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State 0 is the operating state. State I (1=1,..... ,11) corresponds to system failure
due to the failure of component I.
Xi(t) is the failure rate.
jLii(t) is the repair rate for subsystem I.
1-MiCO
1 - /D (0
l - g n (0
1-XA,
Figure 4.3 Transition diagram for longwall mining system 
(After Ercelebi and Yegulalp, 1993)
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4.2.3 Delay Databases and Classification
Delay databases and classification, in other words, are a ‘Longwall Information 
System’ (or LIS). It is important that a delay recording system is established to 
monitor the performance of all operating machines. All data collected were 
organised in the downtime database. Table 4.1. displays the structure of the 
database format.
Table 4.1. Databases for longwall mining delays
Panel Codes Longwall Face Number
Date Date
Shift Afternoon, Day, or Night for 
three shifts a day;
1st, 2nd, 3rd, and 4th for four 
shifts a day
Delay Code Details in Table 4.2
Delay Duration In Minute
Comments Description of Breakdown
The data for the longwall system analysis were available from a 2065 production 
shift time-study carried out in seven longwall laces in South Bulli and Appin 
Collieries. The time study data is analysed in two ways. In the first instance, 
according to the characteristics and operation situations of longwall delays the 
delay codes are divided into three broad delay categories, i.e. operational, 
mechanical, and electrical during the period that the ciew are at the longwall face 
section. And each category is also divided into failure modes. Table 4.2. shows the 
longwall delay codes and their comments. These built-in delay codes provide a 
convenient means to enter the reason for the delay and also pi ovide a structure foi
identifying root causes.
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Table 4.2. Longwall Delay Code
O p erational M ech an ica l E lectr ica l
C od e C om m ent C od e C om m en t C od e C om m en t
101 T ravel (N R . A bn orm al travel tim e to d eta iled  
in  com m en t)
201 P reven ta tive 301 P rev en ta tiv e  m ain ten an ce
102 C rib (N B . w ork  through crib m eans zero  
produ ction  delay)
2 0 2 F ilters 3 0 2 F ault-earth  leak a g e
103 103 in sp ectio n s 203 H ydraulic pum ps and m otors 303 F au lt-p ilo t
104 N o  forw ard d r ivage (e .g . cu ttin g  drum  turn, 
b rush ing  floor, cu ttin g  stable)
2 0 4 C ontrols (eg . hydraulic &  pn eu m atic v a lv es) 3 0 4 F au lt-overload
105 P a n el preparation (e .g . ad van ce ca b le s , h o ses , 
f lu m es, c lea n  up, rep ick , e tc .)
205 H ydraulic h o se s  and fittings 305 P rotection  failure
106 T runk b e lts  (n ot in c . p an el belt) 2 0 6 S ea ls , co u p lin g s &  bearing 3 0 6 M a in  su pply
107 P u m p in g , w ater (w ith in  panel on ly 207 W ater sprays, v a lv es  &  h oses 3 0 7 M otor (pum p)
108 V en tila tio n  (in c . broken  flu m es) 2 0 8 G earbox , tran sm ission , drive 308 M otor (cutter)
109 M in in g  co n d itio n  (in c . gas trips) 2 1 0 B rakes 3 0 9 M otor (con veyor)
110 L o ss o f  serv ices 211 F lig h t ch ain s (e .g . ten sion , ch an ges fligh ts) 311 M otor (other)
111 F lit  m iner, sw a p  S /C 2 1 2 D rill rigs or bolters 3 1 2 W in ch  con trol
112 S u p p lies (any su p p lies delay) 213 Structural 313 Internal con trol c ircu its (e .g . b lo w n -fu se , burnt 
ou t co il , u /s relay , fau lty  con tacts)
113 R ed u ced  production  cap acity 2 1 4 C o n v ey o r b e lt dam age, sp lic in g , c lip p in g 3 1 4 E xtern a l con tro l c ircu its (e .g . s ig n a l l in e s , fau lt 
w ith  track ing or sp illa g e  probes, b e lt sw itc h e s)
114 B o g g ed  m achinery, b lock ed  co n v ey o r 215 B e lt  slip  ( e .g . drum slip p age) 315 C ab les (m a ch in es)
115 A ccid en t 2 1 6 T rack b elt 3 1 6 C ab les (tra iling)
199 O ther 217 A djust, ch a n g e rollers 3 1 7 C om m u n ication s
2 1 8 L T U , w in ch , gravity take up 318 M on itor in g  (eq u ip m en t/en v iron m en t)
2 1 9 T ransfer p o in t (b oot, ch ute, scrapers) 3 2 0 R adio
221 R elay  bar assem b ly 321 P o w er  control
2 2 4 C om p ressed  air system 323 B attery
225 C o olin g  system 3 2 4 B e lt  s lip  (e .g . slip  detector)
2 2 6 S afety  circuit 3 9 9 O ther
2 9 9 O ther
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In the second instance, the time study data is categorised into equipment categories 
of shearer, AFC, belt, roof supports, belt stage loader, general electrical, pump 
station, and auxiliary equipment. The more detailed analysis of equipment delays 
are presented in Chapter 5.
The information held within the ‘longwall information system’ can be reported in a 
variety of ways to help monitor delay trends, analyse recurring problems, and 
strengthen accountability.
Each failure is classified as critical, major, or minor failure. To standardise on the 
Failure Class only three categories as defined are usually used. If the failure causes 
a severe safety problem, it automatically falls into the critical classification.
1. Critical failure:
A failure is considered to be critical il' the failure results in an unsafe condition or 
safety hazard, causes the mission to be aborted, or causes excessive maintenance 
actions. For this study, a delay of 60 minutes or more belongs to this kind of 
failure.
2. Major failure:
A failure is considered major if the failure materially degrades system performance 
or the accomplishment of the system’s mission. For longwall operations, a delay 
between 20 and 60 minutes is a category of major failures.
3. Minor failure:
A failure is considered minor if the failure has no significant effect on performance 
or accomplishment of the mission. A delay of 20 minutes or less is classified in the
minor failures.
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Scheduled downtime includes overhauls, inspection, calibration, required idleness 
and other time periods during which the system is not available according to a 
predetermined plan.
Unscheduled downtime (repair) is the expected time loss resulting from casualties 
and other unscheduled events that require the system to be taken out of operation.
4.3 DELAY ANALYSIS
This longwall delay analysis study is to process and calculate the data for each
activity or delay type:
1. Frequency of occurrence - number of occurrences of an activity/delay
2. Total time (min.) - summation of time spent on an activity/delay during shift, 
and
3. Mean time (min.) - arithmetic average time of an activity/delay.
Total times for each activity are placed into one or more general categories. These
include:
1. Machine operating time - all time during which the machine is running;
2. Non-maintenance delay-necessary - system delays which are unavoidable, such 
as safety related delays;
3. Non-maintenance delay-unnecessary - avoidable system delays unassociated 
with equipment failures and maintenance;
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4. Preventive maintenance delays - time spent performing simple preventive 
maintenance;
5. Corrective maintenance delays- total failure related downtime of the machine 
being studied; and
6. Section time - total shift time minus travel time and lunch.
There is no doubt that specific problems at individual mines will vary over time, 
however, the key issue of machinery failures in service will not disappear without a 
conceited effort by both individual mines and the industry as a whole.
Most of the delays is a result of inevitable operational delays, which involve low 
shifting index, geological problems, panel preparation, organisational problems, 
etc. It is generally regarded as time lost. Out of the operational delays, machine 
breakdown unreliability of the system amounted to about 8.79% to 20.47% on an 
average per working shift for South Bulli and Appin’s cases. It is divided into two 
categories, mechanical and electrical delays. Table 4.3. lists longwall machine 
running time and system availability for South Bulli and Appin longwall operations.
Table 4.3. Longwall machine operations for South Bulli and
Appin cases
Longwall Face Machine running time System availability






LW24 (Appin) 57.4% 90.4%
LW25 69.09% 92.94%
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The machine running time and the machine availability vary on basis of 
sophistication of automated / mechanised longwall face.
The delay analysis, in other words, means research reliability. Reliability can be 
defined as the probability that an item will perform the required function under 
stated conditions for a stated period of time. For each item of mining equipment 
there will be some value of reliability below which it would be unacceptable for 
economic operation. None of the items in the system can be ignored as any one 
item having low reliability will lower the reliability of the whole process. Reliability 
monitoring , analysis and assessment helps in proper decision making, resulting in 
improved productivity. This can be achieved through:
1. Performance reports
a) to provide an estimate of average life for each section - replacement strategy;
b) to monitor the changes in reliability over time; and
c) reasons for performance shortfall.
2. Testing - measurement, e.g., life tests, accelerated tests, environmental tests, 
acceptance tests.
Before analysing the longwall delays, the available times covering seven longwall 
panels are distributed into machine running, operational delay, mechanical delay, 
and electrical delay. Figure 4.4. shows seven longwall operations in detail. The 
machine runnings ranged from 54.38% to 77.44% covering the crew available at 
the face. Figure 4.5. displays the time distributions of the seven longwalls. Table
4.4. shows the face life, equipment availability, machine running time, downtime, 
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Figure 4.4. South Bulli and Appin longwall operations in details
Longwal Faces
□  Machines Running
□  Electrical Delay 
H  Mechanical Delay 
0 Operational Delay
Figure 4.5. Machine running and delays as a percentage of crew available at the 
face for the South Bulli and Appin’s longwalls
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LW501 Time 139 3 207.7 1458 1 129 329 12 042 2 506 5 192 458 062
Percentage - 96.15% - 77.44% 22.56% 13.77% 2.86% 5.93%
LW502 Time 137 2 986 1475 829.3 645.7 20 628 8 574 9 541 415 537
Percentage - 90.82% - 56.22% 43.78% 23.31% 9.69% 10.78%
LW503 Time 120 3 434.4 1 173 672.7 500.3 18 638 5 030 6 348 415 548
Percentage - 94.77% - 57.35% 42.65% 26.48% 7.15% 9.02%
LW504 Time 81 1 778.4 1025 557.5 467.5 18 128 3 610 6 325 343 451
Percentage - 91.48% - 54.38% 45.62% 29.47% 5.87% 10.28%
LW505 Time 85 2 556.3 821 516.8 304.2 10 362 4 646 3 255 352 077
Percentage - 95.1% - 62.93% 37.07% 21.03% 9.43% 6.61%
LW24 Time 225 4 881.6 4 250.3 2 439.8 1 810.5 78 233 20 427 9 970 1 707 897
Percentage - 90.4% - 57.4% 42.6% 30.68% 8.01% 3.91%
LW25 Time 276 6 156.2 4 148.2 2 865.5 1 282.7 48 490 13 075 15 395 1 745 399
Percentage - 92.94% - 69.09% 30.91% 19.47% 5.25% 6.19%
Note: 1. The percentage of equipment available time is as a percentage of the face life time.
2. The percentages of machine running time, total delay time which includes operational, mechanical, and electrical delays are 
as percentages of crew available time at the faces.
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The time lost per longwall varied from 172.72 hrs. to 1299.47 hrs. covering the 
available time with the crew at the face. It is mainly composed of operational 
delays. Out of the face time lost, the machine breakdowns amounted to the range 
of 128.3 hrs. to 518.37 hrs. during the panel lives. The machine breakdowns were 
divided into mechanical and electrical failures.
In the three categories of the delays, the operational delay was dominant, which 
ranged from 13.77% to 30.68% covering the crew time available at the face, the 
average of 23.46% for the seven longwall operations surveyed in South Bulli and 
Appin collieries.
4.3.1 Operational Delay (or organisational delays)
For the longwall mining industry, a reliability and maintainability concept should be 
broad in scope and allow a rather free interpretation of what constitutes a failure. 
Classical reliability and maintainability theory is based on the assumption that the 
failure rate of mechanical equipment is defined by a “wearout” curve (or bathtub 
curve). The environment is not considered to be a factor. In longwall mining 
industry, loss of productive time can be caused by geological conditions and 
operational procedures in addition to mechanical equipment failure. A 
comprehensive analysis concept should include all downtime. This results in an 
operational delay concept. All of miscellaneous longwall operational delay 
activities are summarised into fourteen categories. The details of operational 
delays for the seven longwalls surveyed are summarised in Table 4.5. The 
definition and comment of the operational delays are presented in the Table 4.6.
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Table 4.5. Operational delay in minutes for South Bulli and Appin long walls
Delay LW501 LW502 LW503 LW504 LW505 LW24 LW25
Stone dusting 340 800 15 - - - 60
Belt & 
service
60 1 847 345 2 150 1 273 - -
Panel
preparation
950 1 187 1 525 1 441 673 3 705 3 855
Trunk belt 7 080 12 134 12 638 9 272 6 061 2 880 4215
Pumping o o - - - - - -
Ventilation - 15 130 185 85 365 750
Mining
condition
765 650 395 285 660 13 688 27 275
Gas problem - - - - - 48 795 5 460
Loss of 
service
707 835 670 325 185 - -
Bogged
machinery
50 1 010 305 265 120 7 990 3 500
Meeting 645 605 1 105 540 445 750 3 345
Supplies - - - - 35 - -
Accident - 400 - - - - -
Other 1 345 2 992 1 510 3 665 825 60 30
Total min. 12 042 20 628 18 638 18 128 10 362 78 233 48 490
Total hr. 249 43.92 343 327.38 179.2 1303.9 808.2
Figure 4.6. to Figure 4.12. show the details of operational delays for South Bulli 
and Appin longwalls surveyed. The figures present the longwall operational delays 
on basis of the accumulated time , average time of each delay, and percentage out 
of the total operational delays. The figures also outline the delay density and delay 
frequency. Operational Delays (or organisational delays) ranged between 13.77% 
and 30.68% covering the crew time available at the faces of the seven longwall 
panels in South Bulli and Appin’s cases and amounted for an average of 23.46%.
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Table 4.6. Operational delay comments
Delay Comment
Stone dusting built stonedust isolation barrier,
Belt & service Belt extension/retraction (e.g. section belt and cable retraction), signal line retraction,
Panel
preparation
Main activities are advance cables, hoses, clean up, repick for shearer drums, greasing and oiling, check AFC 
tension, pipe retraction, water barrier work, preshift face, break packers M/G, service shearer, check oils in 
gearboxes, pre-shift inspection, conveyor retraction, setting props at M/G,
Trunk belt does not include panel belt, but includes outbye belt and section conveyor, planned belt stoppage, resetting 
belt, steel cord slip, bins full, belt stopped by engineer for inspection, wire u/s sensor probe, change rollers,
Pumping water pump within panel only,
Ventilation includes broken ducts,
Mining condition miscellaneous mining conditions includes gas trip, face structure like cutting turn, brushing floor, cutting 
stable, reset power after goaf fall, break stone at M/G, monitor trip due to goaf fall, timbering over T/G 
chocks, cutting slow due to bad roof and floor, high alarm trip, heavy goaf fall, reset shearer height, gravity 
pans, gas drilling, mining maintenance, face gas-out, methane decay delay, bad roof/floor/rib, water problem,
Loss of service lost hydraulic pressure, lost U/G power, hydrant water off,
Bogged
machinery
blocked and jammed conveyor, break packers, clean out boot and track belt, jammed stage loader,
Meeting pit top meeting, hearing awareness program, hearing test meeting, team talk, safety meeting, union meeting,
Accident worker hurt no other driver,
Other Water isolated to face, road accident, check the cause of noise in M/G end of AFC, removed vacuum switch 
(VVVF u n it) off shearer, waiting support rules, boot problem, repair to cage, alarming boot, wait for spare 










































































































Operational delay: 30.53% 
Mechanical delay: 8.06% 
Electrical delay: 4.11%
Machine running: 57.3%













Figure 4.12. Appin LW25 operational delays
However, the major contributions for operational delays were due to short 
stoppage impediments of the transportation belts for South Bulli’s longwalls, and 
mining condition and gas problems for Appin’s longwalls. In the South Bulli cases, 
the large outbye delay resulted in production loss and resulted from the limited 
capacity of coal clearance system, which is shared by many collieries. A close 
investigation of delay analysis indicated that coal clearance was a major bottleneck 
in producing higher outputs at South Bulli, where geological factors were quite 
favorable. It was decided to critically examine the delays associated particularly 
with transportation system of coal, and devise ways and means of reducing these 
delays and improving the reliability ol the system. It can be seen that in the period 
of longwall panel life under consideration the transportation delay amounted to 
51.15% to 67.8% of total operational delays and an average ol 58.05% for South 
Bulli’s longwall. But this type of operational delay only amounted to 3.7% and 
8.7% of total operation delays for Appin’s longwalls.
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The dominant operational delays were gas problems and mining conditions for the 
two Appin longwalls surveyed, amounted to 62.4%, 11.27% and 17.5%, 56.3% 
respectively.
The delay of bogged machinery suggests that “rock load” pile up under shearer, on 
the AFC and BSL, and “over sized lumps” delays can usually be traced back to the 
same cause spalling of the face. This delay type was found to account for 0.4% to 
10.2% of total operational delays in the seven longwalls surveyed and an average 
of 3.8%. Among them, Appin’s bogged machinery delays are higher than South 
Bulli’s.
It is recommended to develop techniques that will prevent the face from spalling . 
Modem chocks have been designed with a ‘flip up’ cantilever tip to stabilize the 
face wall to prevent spalling from the face. The applicability of such techniques 
developed for high seam longwall systems to systems operating in lower seam 
heights should be investigated and a benefit-cost analysis performed. An alternative 
is to direct the research to the elimination of the effects of large lumps, rather than 
to the elimination of the large lumps themselves.
Panel preparation is an operational delay that keeps developing ahead of panel 
extraction and is a problem which occurs in nearly every longwall operation in 
Australia. Development of sufficient entries has been identified as a major area 
needing improvement if the potential of high-capacity longwall mining is to be 
achieved. The panel preparation includes the activities of advance cables, hoses, 
and pipes, repick for drums, check oil levels, and service face equipment, etc.
Geological conditions have a great impact on coal mining. The major factors 
influencing longwall operations include the coal seam height and dip, the physical 
characteristics of the coal seam, and geologic, tectonic and lock mechanic 
properties of the face environment.
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Ground control problems experienced in longwall entries, particularly at the 
tailgate entry, hindered the progress of the face operation and caused excessive 
system downtime and support costs. Maintaining tailgates has been a consistent 
problem of retreating long walls.
In addition, a longwall performance error can be classified as a problem resulting 
from individual worker behavior or working environment. Such errors are usually 
the result of deviation from standard operating procedures; ignorance of hazards; 
poor worker performance; lapses in management directives or policy; and a lack of 
knowledge or experience resulting from informality of training procedures.
The operational delays could be reduced significantly with the adoption of the 
following two policies:
1. Crew change-out at face. This would eliminate as much as 40 to 70 minutes per 
shift of the operational delay time.
2. Reasonable design of the coal clearance system and the system at the face. This 
allows the capacities of all components in the longwall system to be optimal 
among their operations.
4.3.3 Mechanical Delays
Mechanical delays are attributed to mechanical failures of longwall equipment. In 
its simplest form, failure can also be defined as any change in a machinery part or 
component which causes it to be unable to perform its intended function 
satisfactorily. Familiar stages preceding final failure are incipient failuie , 
“incipient damage”, “distress”, “deterioration”, and “damage”, all of which 
eventually, made the part or component unreliable or unsafe for continued use. 
They are mainly presented in hydraulics, water system, rotational driving tiains, 
structures etc. The details of mechanical delays for the seven longwalls are listed in
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Table 4.7. and the definition and comment of the mechanical delays are presented 
in Table 4.8.
Table 4.7. Mechanical delay in minutes for South Bulli and Appin longwalls
Delay LW501 LW502 LW503 LW504 LW505 LW24 LW25
Filter 20 - - 45 10 30 -
Hydraulic driving 5 180 80 90 25 705 500
Hydraulic control 105 280 10 80 10 540 860
Hose & fitting 105 300 330 420 346 985 765
Seal & coupling 15 265 40 25 - 1010 250
Spray system 160 255 40 285 480 215 675
Transmission 21 85 1 445 305 2 055 165 70
Brake - 95 - 175 15 110 -
Flight chains 465 3 071 655 835 475 725 350
Drill rigs 30 125 10 - - - -
Structural 75 150 330 135 325 5755 3 970
Belt damage 15 1 170 675 70 470 2370 1 900
Belt slip - 95 65 40 85 1405 350
Track belt 15 845 155 165 15 - -
Roller damage 140 80 205 55 25 2022 415
Belt jib - - - - - 510 -
Ram damage - - - - - 485 -
GTU (Gravity 
Take Up), winch
210 880 150 15 - - -
Transfer point 25 278 450 95 130 - -
Relay bar 50 310 95 320 60 1380 180
Air system - - 10 - - - -
Cooling 135 10 250 85 90 - -
Wheel & tyre - - - 330 - - -
Safety circuit 65 - - - - - -
Other 850 100 35 40 30 2015 2790
Total (min.) 2 506 8 574 5 030 3 610 4 646 20427 13075
Total (hr.) 41.8 142.9 83.8 60.2 77.43 340.5 217.3
Figure 4.13. to Figure 4.19. show the details of mechanical delays. The dominant 
mechanical failures are flight chain of AFC, transmission gearbox, and others, for 
South Bulli’s longwalls and the structure delay for Appin’s ones.
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Table 4.8. Mechanical delay comments
Delay Comment
Filter blocked filter on pump station, blown filter at pump station,
Hydraulic driving hydraulic pump and motor, problem pump station,
Hydraulic control hydraulic and pneumatic valves, problem lowering and advancing support, fit solenoid valve, check shearer, remove seized leg module,
Hose & fitting hydraulic hoses and fittings, bust hose on boot, check boot side ram, pump off due to low water, change oil on shearer, U/S boot hose, 
burst fitting on boot ram, burst pilot hose,
Seal & coupling seals, couplings and bearings, blown fluid coupling on S/L, change U/S O-ring, blown seal,
Spray system water sprays, valves and hoses, repair water hose, repair spray fitting on shearer, repair to M/G sprays, blocked spray, water fitting 
repairing, burst hose on shearer,
Transmission gearbox, transmission, drive, e.g. T/G temperature probe problem, overheat, change shearer haulage sprocket, U/S T/G sprocket,
Brake problem with brake unit on belt, wet brake fault, brake cooling fault,
Flight chains tension face chain, broke and change flight, tension S/L chain, jammed S/L chain, check AFC flights, fit strippers to T/G drive, jammed 
flight, complete sprocket job,
Drill rigs drill rigs or bolts, repair broken AFC, tension S/L chain,
Structural fit & replace dog bone, U/S fitting & broken clevis pin, repair ram pin, fit bottom plate, replace cover on shearer, broken dog bone, 
change pans,
Belt damage conveyor belt damage, splicing, clipping, belt structure collapsed on panel belt, remove flapper on belt, repair spill belt,
Track belt panel belt spillage, tracking belt to limit spillage, straighten structure at boot, align boot,
Roller damage include roller adjustment and change rollers, refit boot roller, reposition return roller,
GTU, winch GTU (gravity take up), winch, e.g. winch problem, brake fault at Drum/head, belt thrust fault, repair belt brake, adjusting brakes on belt, 
problem with brake release,
Transfer point boot, chute, scrapers, removed boot scraper, spillage at boot, realign delivery, fix skirt rubbers, install delivery spill plate, repair delivery 
scrapper, repair boot scrapper, refitting scrapper at boot, adjusting delivery striker plate, boot alignment,
Relay bar relay bar assembly, ram problem, broken pin on push ram, change ram, replace broken pin,
Air system compressed air system,
Cooling system check T/G end of shearer, U/S shearer gearbox exchanger, repair heat exchanger, cooling system fault, O/H trip on shearer,
Wheel & tire wheel, suspension & tires (e.g. change wheel),
Other T/G temperature probe trip, taking oil sample, lost hydrant pressure, pump station tripped, no pump pressure, repair to pulse pot drive & 















































































































Figure 4.17. South Bulli LW505 mechanical delays
Delays
Operational delay: 30.53% 
Mechanical delay: 8.06% 
Electrical delay: 4.11 %
Machine running: 57.3%












Operational delay: 19.52% 
Mechanical delay: 5.27% 
Electrical delay: 6.02%
Machine running: 69.19%
Figure 4.19. Appin LW25 mechanical delays
excess stress
Figure 4.20. Factors affecting mechanical component failure rate 
(Adopted from Frankel, 1988)
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The flight chain breakdowns of the AFC were due to misalignment of face, fall of 
roof coal in lumps on to the conveyor, differential tensions on both sides of chain 
resulting in chain snapping, chain breaking, and chains coming out of inner recess 
of sigma sections of line pans. With time, the chain elongation increased and chain 
breakdowns were more frequent. On the other hand, the AFC is situated in the 
worst working condition, which results in the face conveyor breakdown frequently.
The mechanical life expectancy of the individual parts of a longwall system 
depends on the one hand on the wearing characteristics of the equipment such as 
the AFC chain and the overall compatibility as an efficient part of the overall 
system, such as the supports. According to the analysis of the mechanical delays 
for South Bulli and Appin’s longwalls, it is anticipated that the life expectancy of 
the rotational equipment (shearer, drive heads, etc.) will continue to increase in the 
future but that the wearing parts (chains, line pans, etc.) will have a definite 
reliability period which would normally be related to a multiple of the tonnage 
contained in the block.
4.3.4 Electrical Delay
Electrical installations are an integral part of mine equipment, particularly in the 
working zone, and are handled directly by operational personnel. The electrical 
delays are characterised in the electrical failures of longwall equipment. The 
specific character of mining operations causes frequent failures and delays due to 
the machines working in such a harsh environment underground. The major 
characteristics of this kind of delay are internal circuit, motors, external circuit , 
cables etc. Table 4.9. lists the details of electrical delays and Table 4.10. lists the 
definition and comment of the electrical delays.
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Table 4.9. Electrical delay in minutes for South Bulli and Appin longwalls
Delay LW501 LW502 LW503 LW504 LW505 LW24 LW25
Fault-earth leakage 605 895 75 - 45 275 515
Fault-pilot - - - - 85
Fault-overload 110 110 - 655 275 205
Protection failure 60 40 150 - -
Main supply 245 565 460 - 65 140 1 330
Motor (conveyor) - - - 625 390
AFC motor - 125 - - - 1 340
Motor (other) - 880 - 30 -
Winch control 15 - 240 - -
Internal circuit 2 452 4 830 3 766 2 585 1 205 5 950 5 775
External circuit 335 445 810 595 165 1 615 1 435
Cable (machine) 375 - - 245 - 80 1 275
Cable (trail) 290 605 - - 180
Communication - - 30 655 90 30
Monitoring 130 16 267 415 180 170 120
Radio 110 150 130 - 20
Power control - 310 90 160 275
Battery - - 10 185 70 180
Belt slip 60 265 140 95 140 185 480
Other 405 305 180 80 70 1 320 2 945
Total (min.) 5 192 9 541 6 348 6 325 3 255 9 970 15395
Total (hr.) 87 159 105.8 105.4 54.25 166.3 256.6
Figure 4.21. to Figure 4.27. show the details of electrical delays. The dominant 
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T a b le  4 .1 0 . E le c tr ic a l  d e la y  c o m m e n ts
Delay Comment
Fault-earth leakage E/L on T/G motor, E/L breaker, short circuit, U/S shearer cables,
Fault-pilot Fault-pilot,
Fault-overload CMA (Central Memory Assembly) overload too low, T/G gearbox overtemperature trip, overload on shearer, isolator O/L fault.
Protection failure problem with temp probe or micro switch, U/S flame proof enclosure,
Main supply restore power after storm, repower pump station, main power off, fans off lost power.
Motor (conveyor) conveyor motor problem,
Motor (other) change D/H motor,
Winch control U/S current winch motor,
Internal circuit e.g. blown fuse, burnt out coil, faulty contacts, low pressure on dump valve, T/G flow switch malfunction, PCM (Pulse Code Modulation) fault boost 
pump, flow switch to T/G motor, dupline fault, sequence fault, short circuit on S/L, electrical fault on CMA box, computer on shearer problem, U/S 
outlet on GEB, program fault on belt starter, circuit breaker fault, lost prime chocks, check computer, reset position pots on shearer, pulse pot reset, 
reset shearer height, shearer haulage problem (radio), lost power to shearer due to diode fault, shearer out on sync, false reading potentiometer, U/S 
T/G heat probe, replace long range O/L unit, power off at isolator, electrical fault on S/L, U/S limit switch, adjust limit switch, signal line fault after 
retraction, replace burnt out wire, thermal O/L problem, circuit breaker fault, electrician working on shearer, water flow switch fault, internal 
control circuit problem on shearer, E/C winch fault and change out, water in compartment & U/S diode, loss of function, shearer lost memory, 
change cards, short circuit on load center, micro switch fault, slow cutting no magnets, solenoid fault, E/C circuit breaker trip, chock electrics not 
working,
External circuit e.g. signal lines, fault with tracking or spillage probe, belt switches, T /G  dupline fault, trip on O /H  , open circuit on S /L  button, fault switch, tension 
switch repair, shearer haulage lockout fault, fault with control button, fault switch on panel belt, change T /G  heat sensor, open c ir c u it  o n  fa r o  p h o n o
Cable (machine) AFC signal line fault, U/S shearer cable, change U/S shearer cable,
Cable (trailing) complete shearer cable change out, damage shearer cable,
Communication cutting slow due to communication,
Monitoring equipment and environment, temperature taps on AFC, check and reset on shearer , checking display cabinet, T/G monitor fault gas monitor fault
Radio U/S shearer radio, replace radio unit, flat radio,
Power control broken window,
Battery flat shearer battery, flat battery in transmitter,
Belt slip e.g. slip detector, belt trip,
Other power off to pump station, tension switch problem, change computer, gap on flameproof enclosure, moisture in electrical boxes oh shearer, reset 

































































































CHAPTER 4. Longwall Delay Assessment
Operational delay: 30.53% 
Mechanical delay: 8.06% 
Electrical delay: 4.11%
Machine running: 57.3%























CHAPTER 4. Longwall Delay Assessment
4.4 DISCUSSION AND CONCLUSIONS
Modem longwall mining systems utilise high levels of mechanisation and require 
large capital outlays. The purchase of expensive equipment can only be justified if 
high level of reliability and availability are achieved during operation. The 
productivity of a mining system can be improved by increasing the time for which it 
is actually productive. For these reasons it is important to analyse reasons in terms 
of operational, mechanical, and electrical delays.
In this study, the methodology of data process has been applied for analysing the 
delays arising from longwall systems. Low system availability due to various delays 
has been found to be a major cause of low productivity. In order to identify the 
failure modes of longwall operations and complete the analysis of the longwall 
delays, it is necessary to classify all delay evidence into three categories, i) 
operational, ii) mechanical and iii) electrical delays. Among them, operational 
delays are dominant. Delays not only included inherent equipment failures but also 
delays caused by the variable interaction of equipment and environment. The latter 
delays are attributed to operational category. The reliability and availability 
improvements can be achieved by elimination of the outbye transportation system 
and gas problems. The reduction of these delays may be possible by proper 
planning and designing of outbye transportation and longwall panel, as well as 
resurgent gas. Further, delays arising from equipment failures (or mechanical and 
electrical delays) can also be reduced by proper scheduling of preventative 
maintenance and proper maintenance procedures. These methods will facilitate 
quantitative evaluation of the suggested or incorporated improvements. The 
potential of the application of rigorous quantitative and statistical analysis tools to 
identify and quantify the areas for achieving improvements in the reliability and 
availability of longwall systems is evident.
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From this downtime analysis, it is possible to assess the impact on system
production by reducing or eliminating individual delay type for each category.
Based upon these categories, a number of problems of seven longwall operations
surveyed and their causes have been identified. Some major problems include:
- The major operational delays for South Bulli longwalls are outbye belt 
stoppages. The causes resulted from a limited capacity of the transportation 
systems.
- The major operational delay for Appin's LW24 longwall was a gas problem.
- The major operational delay for Appin's LW25 longwall was mining condition 
problems.
- The major mechanical delays for South Bulli and Appin's longwalls were 
transmission that included mechanical driving system and sprockets.
- The major mechanical delays for South Bulli longwalls were flight chains of the 
face conveyors.
- The major electrical delays for South Bulli and Appin longwalls were internal 
circuits, e.g. equipment control circuits for equipment.
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LONGWALL FACE MACHINE DELAYS
5.1 INTRODUCTION
Longwall mining has reached an advanced stage of mechanisation and is known for 
its high outputs per production unit and high labor productivity. Within the mining 
context mechanisation means the introduction of machines or mechanical 
equipment either to reduce the labour content of the work or to increase the 
production of coal. In a sense mechanisation is only successful if the resulting 
profit of the longwall operation is equal to or greater than the profit of the other 
mining operations. As improved equipment technology has allowed the application 
of longwall mining to more difficult mining conditions, and with higher retreat 
rates, the problems of longwall installations have become more critical.
Now that downtime has been identified as a major problem in longwall systems, the 
next step is to determine which components are the major delay sources and which, 
if any, can be ignored.
For delay analysis purposes, the longwall system components weie delined to be.
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o General electrical 
o AFC
o Belt stage loader (BSL) 
o Section belt 
o Shearer 




5.2 MAIN CRITERIA AND PERFORMANCE FACTORS OF THE 
SYSTEM
Face layout for retreating mining is governed mainly by that particular area of the 
coalfield, but environmental and geotechnical criteria can also play a major role in 
the underground planning of the mine. Factors such as seam section, depth, 
gradient, extent of reserves and position of faults are the main geological 
considerations influencing face layout planning.
These criteria control the production from the theoretical run-of-mine (ROM) 
production, the machinery and technical equipment, the proportion of coal 
recovered from the deposit, the daily operation time, and the machine running time.
With constant operation conditions, low specific production costs can be arrived 
at, in particular by a high daily production per face. Production improvement is 
generally to be achieved by:
1. machinery and equipment adapted to the deposit conditions prevailing,
2. a long operation time per day,
3. a high machine running time resulting from high availability, and
1 2 0
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4. optimisation of the individual performance factors within the overall system.







Figure 5.1. Main criteria and performance factors of the system 
(After Henkel, 1991)
Where: Pact: Actual production 
Pi: “Idéal” production 
Ta: Operating time (h/d) 
r\T : Time utilisation factor
5.3 RELATIONSHIPS BETWEEN THE “THEORETICAL” R.O.M. 
PRODUCTION AND FACE EQUIPMENT
In order to achieve the planned output from a lace, it is necessary to specify 
shearers which can produce coal at the maximum output requirement; powered 
supports which are capable of effectively supporting the workings and have a cycle 
time commensurate to the maximum shearer speed and AFC and belt stage loadei 
able to convey the maximum rate tonnage.
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5.3.1 Shearer
The theoretical ROM production is conditioned above all by the seam thickness 
and the specific cutting energy (ESpec)- The specific energy is the energy necessary 
for cutting 1 m3 of mineral of given strength. If coal is hard or rock is cut the 
specific energy is required increasingly that results in the low haulage speed so that 
the production will be reduced on the basis of a given shearer power.
5.3.2 Powered Supports
The effectiveness of the face support is mainly influenced by the seam thickness, 
the pressure supply in terms of volume and pressure, the advancing time, minimum 
support resistance, and distance of roofbar tip to the coalface. The theoretical 
ROM production as related to the face support is mainly determined by the seam 
thickness and the number of support units advanced per hour, advancing time per 
unit and the number of support operators. The demand for a higher support 
performance could be met by electro-hydraulic support controls, as a form of 
automation. The support advance sequence however needs proof that both 
adjacent units are set to the roof and that the correct signals are received from the 
“advance” and “set” condition switches at the appropriate part of the advance 
cycle.
5.3.3 AFC
The theoretical ROM production is as a function of face conveyor length and 
resistance coefficient for level faces. The following parameteis are key factors for 
the performance of the AFC; the seam thickness, the chain size, the rating, and
1 2 2
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max. load cross-section. The theoretical ROM production and face design are 
limited by the length and the characteristics of stait-up under load of the AFC.
5.4 ASSURANCE OF RELIABILITY OF MINING EQUIPMENT
Assurance of reliability is a quality characteristic that represents one of the 
principal buyer demands. Some recent tender documents look for 95% availability 
for certain types of equipment, as an undue proportion of down-time in longwall 
equipment can mean excessive costs for the colliery and a loss of competitiveness 
in the world market.
The shearer may be more subject to these environmental influences than the 
conveyor. For instance, shearer loads vary and sometimes exceed the design loads 
as a result of variations in coal hardness, operator inability, abuse, seam impurities 
(sulfur balls) and continuing with worn-out picks, etc. The face conveyor 
downtime behaviour is to some extent also affected by the operational conditions. 
For instance, improper synchronisation of the chains, and softer floor conditions 
may lead to downtime. Generally, the outbye transportation system is more prone 
to delays.
5.5 LONGWALL MACHINES’ DELAYS
It has to be noted that the likelihood of failure of equipment varies over the life of 
the equipment. They are used to identify particular problem areas and to help 
assess the effectiveness of alternative maintenance and overhaul polices.
After identifying the excellent geological conditions, and designing longwall panel, 
it is important that reliability in the equipment used is of paramount importance.
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The delays resulting from equipment failures have made a major contribution to the 
low availability of the longwall systems. Figure 5.2. and Figure 5.3. show the 
longwall equipment delays and delay time percentage conducted at seven longwall 
panels in South Bulli and Appin collieries. Figure 5.4. to Figure 5.10. summarise 
the results of the time study of equipment delays for these seven longwall 
operations. Among various component delays, three major sources have been 
noted in this investigation. They are the shearer, the AFC, and the section belts. 
Powered support, pump stations, belt stage loader, and other auxiliary equipment 
have had a much lesser impact on longwall machine downtime.
Figure 5.2. Longwall equipment delay times for South Bulli and Appin cases
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LW501 LW502 LW503 LW504 LW505 LW24 LW25
F a c e s
B  Others
□  General electrical 
B  Support
□  BSL
□  Belt 
B AFC
□  Shearer
Figure 5.3. Delay time percentage of longwall equipment for South Bulli and
Appin cases
5.5.1 Shearer
Whereas all equipment components are essential for the achievement of high 
productivity, the shearer and AFC are the dynamic parts of the machinery designed 
to cut and transport the coal.
As shown in Figure 5.3. the longwall shearers had 22.35% to 51.08% of the total 
equipment downtime. Total delay time for the shearers and percentage out of total 
equipment delays were listed in Table 5.1.
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Table 5.1. Shearer Delays for South Bulli and Appin longwalls




Percentage out of 
total delays
LW501 3 955 66 51.08%
LW502 4 880 67 25.71%
LW503 2 855 42 24.26%
LW504 2 855 34 28.68%
LW505 1 765 27 22.35%
LW24 7 855 59 25.69%
LW25 7 605 68 26.33%
0000- / ' f
LW501 LW502 LW503 LW504
Longwall Faces
LW 505 LW24 LW25
Figure 5.11. Shearer’s mechanical and electrical delays 
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Mechanical delay: 25.48%
Electrical delay: 74.52%
Figure 5.12. South Bulli LW501 longwall shearer delays
Mechanical delay: 10.52%
Electrical delay: 89.48%


























Mechanical delay: 25.39% 
Electrical delay: 74.61%
Figure 5.14. South Bulli LW503 longwall shearer delays
Mechanical delay: 22.5% 
Electrical delay: 77.5%
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Mechanical delay: 31.6%
Electrical delay: 68.4%
Figure 5.16. South Bulli LW505 longwall shearer delays
Mechanical delay: 32.97% 
Electrical delay: 67.03%
F ig u re  5 .1 7 . A p p in  L W 2 4  lo n g w a ll sh ea re r d e lays
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Delays
Mechanical delay: 43.92% 
Electrical delay: 56.08%
Figure 5.18. Appin LW25 longwall shearer delays
The dominant failures of the shearers surveyed are of an electrical nature. The 
Figure 5.7. shows the mechanical and electrical failures of the seven shearers. 
Mechanical delays for the shearers comprised 10.52% to 43.92% of the shearer 
delays. The major delay types contributing to total shearer downtime are 1) internal 
circuit included computer system; 2) structure; and 3) spray water system.
Rapid pick wear is often caused by two lactors: poor steering with horizontal 
control, and low cutting efficiency due to poor drum and pick design. Other causes 
which contribute to shearer downtime include insufficient watei piessuie and 
shearer power down. The parts most commonly subjected to frequent lailuies are 
water hoses, doors/cowls, and arms.
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5.5.2 AFC
The most critical technical factor affecting AFC performance is the ability to start 
under maximum load conditions. The correct selection of conveyor speed in 
relation to the loading rate, the required starting torque, the face voltage, and 
armature torque, are essential for improvement of the performance of the face 
conveyors.
While the face transport consisted of AFC and BSL, major breakdowns were due 
to AFC, any misalignment of face, fall of roof coal in lumps on to conveyor, 
differential tensions on both sides of chain resulting in chain snapping and chains 
coming out of inner recess of sigma sections of line pans. With time the chain 
elongation increased and chain breakdowns were more frequent.
As shown in Figure 5.3. the longwall AFC had 2.4% to 38.5% oi the total 
equipment downtime. Total delay time for the AFC and percentage out of total 
equipment delays were listed in Table 5.2.
Table 5.2. AFC delays for South Bulli and Appin’s long walls




Percentage out of 
total delays
LW501 543 27 7.01%
LW502 4 096 65 21.58%
LW503 2 635 33 22.39%
LW504 3 205 60 32.18%
LW505 3 040 28 38.5%
LW24 735 12 2.4%
LW25 3 745 45 12.97%
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The downtime duration graphs for the face conveyor components are presented in 
Figure 5.20. to Figure 5.26. during the longwall panel life. The wearing 
components in a chain conveyor are chain-flights and sprockets, and line pans. 
These are to be replaced from time to time. Considerable difficulty was 
experienced in replacing these components in time.
L W 5 0 4
Longwall Faces
L W 5 0 5L W 5 0 3
Figure 5.19. Longwall AFC mechanical and electrical delays 
for South Bulli and Appin cases
Mechanical delay: 61.74%
Electrical delay: 38.26%
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Mechanical delay: 77.64% 
Electrical delay: 22.36%
Figure 5.21. South Bulli LW502 longwall AFC delays
Mechanical delay: 92.34% 
Electrical delay: 7.66%
































CHAPTER 5. Longwall Face Machine Delays
Mechanical delay: 40.44%
Electrical delay: 59.56%
Figure 5.23. South Bulli LW504 longwall AFC delays
Mechanical delay: 83.39% 
Electrical delay: 16.61%



















Mechanical delay: 97.28% 
Electrical delay: 2.72%
Figure 5.25. Appin LW24 longwall AFC delays
Delays
Mechanical delay: 44.59% 
Electrical delay: 55.41%
Figure 5.26. Appin LW25 longwall AFC delays
The AFC is responsible for a large amount ol the lost tonnage attiibuted to 
mechanised equipment failure. The mechanical delays were majoi sources ol 
downtime for the face conveyor, accounting for 40.44% to 97.28%) of all
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downtimes. Figure 5.19. presents the failures of the seven longwall AFCs. Some of 
the major problems leading to AFC breakdown are:
o Wear of line pans, flights and chains; 
o Overload failures of line pan connections; 
o Blockage due to lumps of coal and rock; 
o Chain breakage; 
o High energy consumption; and
o Limited service life due to wear and relatively high power requirements. 
The major failure modes which contribute to these problems are:
- chain running out of synchronisation;
- the bulkiness of the flights;
- lack of, or insufficient effectiveness of, ram plates;
- insufficient motor power;
- soft bottom; and
- fines dragged back in the return race.
For both shearers and face conveyors, the drive motors are identified by many 
observers as an important downtime cause. Although some of the motor problems 
are due to the failures of couplings and seals, the major failure modes have not yet 
been identified.
Generally the chain strength has proved the practical limitation in Australia; prop- 
free front distances are not limited by rigid legal regulation. The load, in tonnes pei 
hour, which can be carried may be limited by the allowable chain tension, (set by 
the chain strength at an acceptable factor of safety), which is also determined from 
the conveyor length, face gradient, the appropriate power indexes, (no-load index, 
coal load index), and load.
To complement the coal clearance system from the face, a state loader is used.
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5.5.3 Section Belt
As shown in Figure 5.3 the longwall belts had 18.47% to 36.69% of the total 
equipment downtime. Total delay time for the belts and percentage out ol total 
equipment delays were listed in Table 5.3.
Table 5.3. Belt delays for South Bulli and Appin longwalls






LW501 1 450 53 18.73%
LW502 4 528 83 23.86%
LW503 4318 89 36.69%
LW504 1 840 58 18.47%
LW505 1 736 39 21.99%
LW24 10 717 165 35.06%
LW25 9 245 138 32%
12000-fS
LW501 LW502 LW503 LW504 LW505
Longwall Faces
LW24 LW25
Figure 5.27. Longwall belt mechanical and electrical delays lor South Bulli and
Appin cases
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Mechanical delay: 47.04%
Electrical delay: 52.96%
Figure 5.28. South Bulli LW501 longwall belt delays
Mechanical delay: 71.02% 
Electrical delay: 28.98%
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Mechanical delay: 45.96%
Electrical delay: 54.04%
Figure 5.30. South Bulli LW503 longwall belt delays
Delays
Mechanical delay: 52.17% 
Electrical delay: 47.83%
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Mechanical delay: 67.26%
Electrical delay: 32.74%
Figure 5.32. South Bulli LW505 longwall belt delays
I Total delay
1 Ave. time of each delay 
■Percentage
Delays
Mechanical delay: 74.15% 
Electrical delay: 25.85%
F ig u re  5 .3 3 . A p p in  L W 2 4  lo n g w a ll b e lt  d e lay s
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Mechanical delay: 53.16%
Electrical delay: 46.84%
Figure 5.34. Appin LW25 longwall belt delays
The mechanical delays for the belts outnumber the electrical delays, accounting for 
47.04% to 74.15%, average of 58.68%, out of the total belt delays.
Significant attention and funds have been put towards increasing longwall 
productivity in recent years by both suppliers and mining companies. However, it is 
being clearly recognized by the successful coal producers that the performance of 
their belt system is a crucial element in the production equation.
5.6 DISCUSSION AND CONCLUSIONS
In this chapter, it has been attempted to define the downtime behaviour of the 
longwall components having the major impact on system delays in South Bulli and 
Appin Collieries. Three components - the shearer, the AFC, and the outbye belt -
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by far were the most common sources of delays, accounting for 63.15% to 83.35% 
of total equipment delays. Across the seven longwalls surveyed, the outbye belt, 
shearer, and AFC delays are, by far, the major delay categories. The accounting 
percentage for these major delays as all equipment delay time are listed in Table
5.4. The shearer electrical delays accounted for 56.08% to 89.48% of the reported 
shearer downtimes. Some electrical delay symptoms are line trouble, over-loading 
or earth-leakage trips, and loose connections, etc.
Having identified these components, first the downtime behaviour of these 
components was examined with respect to the frequency of occurrence of delays 
and the duration of the delays.
Table 5.4. Belt, Shearer and AFC delays 
for South Bulli and Appin longwalls









In order to function properly in explosive atmosphere containing mine gas and coal 
dust, electrical equipment must be flame-proof. In most of coal mines, secondary 
protection against explosion are adopted by an electrical apparatus to monitor the 
percentage of methane in the atmosphere. The warning will be delivered and all 
equipment powers will be switched off immediately when the percentage ol the
methane in the atmosphere reaches 1-^%.
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To provide more insight in the actual downtime behaviour, cumulative delay 
durations, average delay duration, and percentages out of total component delays 
were presented in the lorm ot graphs and tables. For the production between delay 
data, the shearer is by iar the least reliable component. For the shearer delays, the 
electrical delays outnumber the mechanical delays. That is because the modern 
shearers employ more complicated control systems in an effort to obtain higher 
efficiency. But this results in more electrical delays due to mining equipment 
working in the harsh underground environment.
The outbye belts were a high frequency, short delay duration machine, while the 
face conveyor is a low frequency/medium duration element. The shearer can be 
characterised as medium frequency of occurrence with a high duration of delays.
The characterisations of the components seem to parallel the relative effects of the 
environment on each component. The shearer is the machine most susceptible to 
the environment, and the most complicated structure so it fails more frequently and 
has a longer duration of delays. The face conveyor is more likely to fail as the 
result of an endogenous cause rather than of the mining conditions. The AFC 
delays are mostly caused by flight chain failure.
Outbye transportation belts are characterised on the basis of the simple structure 
and more easily rectified. Therefore, the outbye belt delays are more frequent and 
the downtime duration is low.
In conclusion, from the above delay analysis of the longwalls, the collieries that 
have invested in heavy duty reliable equipment and with a committed workforce, 





On the basis of data base from the seven longwall operations surveyed this research 
has thoroughly analysed all major components of longwall mining systems to 
determine which, if any, of these components are in need of improvement and has 
attempted to describe the longwall component downtime behaviours.
In order to identify the failure modes of longwall problems, present study classifies 
various longwall delays into three categories and indicates that the delay sequences 
dominantly are operational, electrical, and mechanical, respectively. These delays 
cover the percentage of 22.56% to 45.62% covering the crew available at the face. 
Among them, operational delays are prominent.
From the analysis of delay types of the longwall mining system in this research, 
several conclusions can be drawn.
1. Production is generally more sensitive to percentage changes in the downtime 
than to the percentage change in the production rate.
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2. Three longwall system components - the shearer, the face conveyor, and outbye 
transportation belts typically account for 63.15% to 83.35% of all equipment 
downtimes.
3. The shearers exhibited the lowest availability of the longwall mining equipment. 
Delays are characterised as being medium frequent in occurrence and longest in 
duration. It has been hypothesised that these characteristics result from the fact 
that the shearer interfaces more frequently and violently with the environment 
than the other components.
4. The face conveyors exhibited the highest availability of the three major 
components. Delays are characterised as infrequent in occurrence and medium 
in duration.
5 Outbye transportation belts were medium in availability compared to the 
shearers and face conveyors. Delays are characterised as high to low in both the 
frequency of occurrence and the duration.
6. All of the longwall mining delay behaviors are classified into three categories, 
operational, mechanical and electrical delays. The operational delays are 
dominant to mechanical and electrical ones. The more details are listed in the 
following table.
Table 6.1. Time and percentage of operational, mechanical and electrical 
delays for South Bulli and Appin’s longwalls
Face No. Operational delay Mechanical delay Electrical delay
time (Min.) percentage time (Min.) percentage time (Min.) percentage
LW501 12 042 61% 2 506 12.7% 5 192 26.3%
LW502 20 628 53.24% 8 574 22.13% 9 541 24.63%
LW503 18 638 62.09% 5 030 16.76% 6 348 21.15%
LW504 18 128 64.6% 3 610 12.86% 1 6 325 22.54%
LW505 10 362 56.74% 4 646 25.44% 3 255 17.82%
LW24 78 233 72.02% 20 427 18.8% 9 970 9.18%
LW25 48 490 63.1% 13 075 16.9% 15 395 20%
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7. Most shearers have a distribution of more electrical delays than mechanical ones 
and the face conveyors and outbye transportation belts have characteristics of 
more mechanical delays than electrical ones.
8. In longwall machines’ electrical delays, the internal circuit delays are dominant. 
These are mainly presented in:
o burnt coil due to short circuits,
o faulty contact, sequence fault, and circuit fault,
o computer out of order, protection system fault and lost memory etc.
9. Major operational delays are presented in frequent outbye transportation belt 
stoppage, mining conditions and gas problems.
10. Major mechanical delays are attributed to flight chain problems, structures, 
spray water system, transmission, and belt roller problems.
11. It can be assumed that as downtime sources are eliminated, the increases in 
operating time and production per shift, will include the downtime liom the 
remaining delay sources. As a result, the production increase from the 
elimination of a delay source will depend on how much other delay time has 
been eliminated prior to the elimination of this particular source.
6.2 RECOMMENDATIONS
To address the issue of longwall delays the following recommendations are 
offered:
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1. Condition monitoring is concerned with extracting information for machines to 
indicate their condition, to enable them to be operated and maintained more 
efficiently and economically. An essential aspect in winning the availability battle 
is through more effective monitoring and control. The equipment enables rapid 
checks to be made to determine the performance of machinery and to compare 
the results with design standards. Monitoring of face operation can result in 
collection of on-line running time of main equipment of coal face equipment and 
log the reasons of down time in such a manner that it can be analysed for 
management consideration. The reliability monitoring of the equipment will help 
in proper planning and replacement of components in time, so that down time 
and consequent production loss can be avoided. Furthermore, to ensure that 
coal production continues without interruption, it is vital that downtime is 
minimised. This requires all equipment to be monitored electrically so that 
impending failures can be anticipated.
Control and monitoring aim at increasing the utilisation and thus the availability 
of the equipment and incorporate failure information into existing mine delay 
monitoring schemes. The development of the instrumentation for longwall 
condition monitoring is reviewed and strategies of the development of the 
condition monitoring and expert system for longwall mining machinery are 
proposed by Basu et al., (1991). The following condition monitoring techniques 
are currently being used in longwall mining machinery: vibration monitoring 
(Jones (ed.), and Lewis et al., 1987), wear debris monitoring (Mills et al., 1990) 
emulsion analysis (Jones (ed.), and Lester, 1987), oil level monitoring (Jone 
(ed.), and Lester, 1987), shock pulse monitoring (Logan, 1990), orifice testing 
(Logan, 1990), and temperature monitoring (Logan, 1990). The block diagram 
of condition monitoring and expert system for suggested longwall mining 
machinery is shown in Figure 6.1.
The condition monitoring system is based around an information database of the 
equipment being monitored. The data is organised in a hierarchical structure and is 
used to describe the parameters to be measured, where the measurements should
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be made, the equipment to which the parameters belong, and the location of the 
equipment. The parameters contained in the database can be included into tours or 
view lists. The tours are used to program a data collector with a list of 
measurements to be taken, and the view lists are used to group parameters for 
reporting purposes. Once the data has been collected, the information is transferred 
to the computer where condition checks are made against stored warning and 
alarm levels. The computer is able to display the readings graphically tor trending 
monitoring and generate reports based on the reading taken.
Figure 6.1 Block diagram of condition monitoring and expert system 
for longwall mining machinery
(Basu et al., 1991)
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2. The longwall machinery performance summaries can be used with the help of 
statistical analysis for a proper equipment replacement policy, which can 
anticipate future breakdowns by replacing the plant before breakdown, reducing 
the down time in long run and resulting in better program of maintenance 
overhaul, and provide an industry wide mechanism for detailed interpretation of 
failure mode and effect data.
3. Maintenance can be defined as a combination of any action earned out to retain 
an item in or restore it to an acceptable working condition. It includes repair 
action. The present method normally used being planned preventive 
maintenance (PPM), an improved method over breakdown maintenance. There 
is a need for a flexible system of maintenance based upon analysis of 
performance and conditions of installed equipment. It involves detention, 
diagnosis, prognosis and cure. Further investigation of the relationship between 
levels of planned maintenance and breakdown rate to determine if optimum 
levels exist.
4. Reliability of information can assist management in determining the best 
equipment to buy for particular operating conditions/circumstances. The well 
established technique “Life Cycle Costing” (LCC) provides a common basis 
upon which a comparison may be made between various systems from a number 
of equipment suppliers. The criteria used combines reliability with finance, by 
considering all relevant costs over the life time of the equipment.
5. Design of systems, with possibility of modular approach so that replacement of 
most likely worn out parts rather than total equipment helps in longer life of 
equipment and lower maintenance costs. On the other hand, the production 
process in a longwall system can be divided into four operations: coal cutting, 
loading, conveying, and roof support. A major characteristic of longwall 
systems is that these operations are serially connected. The delay in any single 
operation can result in a total system delay. Thus, the system availability of a
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longwall system depends not only on the availability of individual components, 
but also on the structure of the system. Thus, in conjunction with life cycle 
costing, planned replacement of parts can be built into cost modules and 
systems, so that higher life times for equipment can be achieved.
6. Critical examination ol the delays associated particularly with transportation 
system of coal, and devise ways and means of reducing these delays and 
improving the reliability of the system.
7. Perform a statistical analysis of the consumption of parts subject to moderate or 
frequent failure. Use the results to optimise the inventory of parts and tools at 
the face.
8. Future research will be directed toward the characterisation of equipment and 
system time to failure (TTF) and time to repair (TTR) distributions, the 
identification of sensitive system components, analytical modelling, and 
computer simulation, the following tasks will be performed:
Time to failure and time to repair distributions will be given for all system 
downtime, and for the downtime of each primary component.
Components with large downtime contributions will be identified as sensitive. 
The time to failure and time to repair distributions of sensitive components will 
be analysed, and measures will be proposed to increase the availability of these 
components. Possible measures includes:
- upgrading the quality of materials;
- scheduled replacement of parts/assemblies;
- systemisation of parts and tools inventory;
- standardisation of repair procedures;
- use of alternate components.
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Analyses will be carried out to identify the range and median of performance 
indicators such as:
- Mean time to l'ailure/mean time to repair (system);
- system availability;
- downtime per tonne;
- production per shift
- passes per shift; and
- production shifts per year
9. Obviously, the reliability program activities described in longwall mining can be 
expensive. Figure 4.1. is a commonly-described representation of the theoretical 
cost-benefit relationship of effort expended on longwall mining reliability 
activities. Failure is the result of less than perfect reliability, closer thought asks 
the question “What is the cost of preventing or correcting the cause, compared 
with the cost of doing nothing?”. Due to a very large capital investment for 
longwall mining installations, all effort on an effective reliability program 
represents an investment, usually with a large payback over a short period. This 
effective reliability program can reduce or eliminate any delay of longwall 
mining system and get a larger benefit.
Development of analytical models and simulation models will develop. Simulation 
models will be used for cases which are too complex for analytical modelling. 
Simulation models will use the time to failure and time to repair probability 
distributions to fit to the field data for generating random breakdowns.
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6.3 FUTURE RESEARCH DIRECTIONS
System performance in terms ot reliability and availability depends not only on 
system design as delined by longwall system layout, equipment quality, capacity 
and performance but also on its operability, maintainability, accessibility, 
observability, component interaction, interaction with the geological and external 
factors, operating and maintenance policy, operating and maintenance skill, and 
other factors. For realistic analysis these factors must be included.
1. Theoretical production model:
In the next phase of this research, a theoretical production model will be 
constructed for longwall mining systems. A suitable method for assessing the 
availability, reliability, and maintainability of the longwall mining system will be 
developed. By conducting sensitivity analyses of the established models, the effects 
of different operating procedures and maintenance programs upon longwall 
production can be estimated. Measures will subsequently be recommended, 
improving longwall system performance.
2. Longwall system activity model:
Because of the inaccuracy of deterministically describing longwall downtime 
behavior using means or even medians, an attempt will be made to approximate the 
actual distributions with theoretical distributions. A successful curve fit would 
enable the development of more accurate longwall system computer models than 
currently available. Such models would be valuable aids in assessing the benefits 
and costs of proposed longwall system modifications and in the planning of 
existing and new longwall faces.
3. Mathematical models used in longwall mining maintenance:
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This presents two mathematical models which can be used for longwall 
maintenance decision making. These are equipment replacement model and a 
model for equipment parts replacement, which involves stores and spare control.
Equipment failures and repairs are events with stochastic properties that make the 
production capacity of a system a random variable. This random variable can be 
analysed by means of reliability tools that are based on applied mathematics, 
probability statistics and theory.
4. Longwall mining cost models used in operation:
The models presented can be used to estimate various operational phase costs ol 
longwall mining, which involve equipment costs, support costs, and development 
costs.
By designing for reliability, taking into account the safety and intioducing 
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AUSTRALIAN LONGWALL PRODUCTIONS DURING A PERIOD OF 1990-1994
(The data sourced from Cram, 1995)
Unit: tonneColliery 1990 1991 1992 1993 1994Angus 697 402 1 019 265 755 635 1 363 092 1 220 300Appin 1 515 592 1 628 817 1 954 597 2 229 508 1 818 500
Baal bone 1 559 881 2 297 060 2 387 300 2 854 155 2 266 600
Brimstone 628 370 1 607 824 1 999 397 985 841 574 500
Clarence 1 Nil Nil Nil 448 307 1 606 000
Cooranbong 762 846 728 351 1 526 014 551 600Cordeaux 2 41 1 099 2 295 420 2 294 063 2 416 344 2 532 200Ellalong 1 581 452 1 397 853 1 387 034 1 624 290 1 357 500
Elouera^ Nil Nil Nil 1 354 068 1 053 300
German Creek 
Central 1 372 318 1 617 544
1 894 042 2 735 194 2 072 400
German Creek 
Southern
1 325 224 2 180 883 2 274 000 2 205 286 2 101 700
Gordonstone^ Nil Nil Nil 1 302 263 3 674 100
Gretley 612 681 831 385 928 671 761 100
Newstan 1 463 079 808 448 1 723 911 2 072 388 1 617 200
Oakdale4 Nil Nil Nil Nil 983 400
Oaky Creek 5 213 040 1 181 641 2 219 410 2 292 838 2 136 100
South Bulga^ Nil Nil Nil Nil 204 800
South Bulli 2 294 906 2 019 307 1 683 562 1 132 823 1 181 000
Tahmoor 1 361 963 1 242 707 1 441 970 1 271 887 992 000
Teralba 857 565 1 285 185 1 361 369 1 189 669 1 427 800
Tower 860 044 681 766 827 287 1 349 536 1 196 400
Ulan 1 874 570 1 289 933 1 049 452 2 061 827 2 907 000
Wambo 562 254 1 304 902 1 194 046 1 718 500West Cliff 1 084 397 1 862 973 1 752 739 2 183 554 1 269 800
West Wallsend 1 186 631 1 441 638 1 550 394 1 718 126 1 709 000
Wyee State 1 024 357 1 346 158 1 211 616 1 608 465 1 263 200
Total 23 000 601 31 838 911 33 874 162 38 671 214 40 196 000
Note:1. Clarence commenced longwall mining October 1993.
2. Elouera commenced longwall mining February 1993.
3. Gordonstone commenced longwall mining April 1993.
4. Oakdale commenced longwall mining November 1993.
5. Oaky Creek commenced longwall mining November 1990




AUSTRALIAN LONGWALL MINING INSTALLATIONS IN 1993 AND 1994
(The data sourced from Anon, 1995 (a))
Colliery Shearer type Face support type AFC type
Angus Anderson AM500 
DERDS(1993,1994)
Aust Longwall 4 x 
650 tonnes chock 
shields, 149 (1993, 1994)
Aust Longwall 600 
kW(1993) .




Aust Longwall 4 x 
800 tonnes chock 
shields 133 (1993) Aust Longwall 4 x 
750 tonnes chock shields 133 (1994)
Aust longwall 1044 
kW (1993, 1994)
Baal bone Eickhoff EDW300 DERDS (1993) 
Eickhoff 
EDW380/380L DERDS (1994)
Aust Longwall 4 x 
630 tonnes chock 
shields (1993)Aust Longwall 4 x 
650 tonnes chock 
shields IFL, 137, (1994)
Aust Longwall 750 
kW (1993, 1994)
Brimstone F am u r Com i 1 SERDS (1993, 
1994)
Fazos 2 x 560 
tonnes split base 
shields (1993)Aust Longwall 4 x 
700 tonnes chock shields, 80, (1994)
Ryfama 250 kW (1993, 1994)
Clarence M itsu i M i 1 k e DERDS (1993, 
1994)
Aust Longwall 4 x 
800 tonnes chock shields, 133 (1993, 
1994)
Aust Longwall 750 kW (1993, 1994)
Cooranbong Anderson AM500 DERDS (1993, 
1994)
Aust Longwall 4 x 
450 tonnes chock 
shields, 89, (1993, 
1994)
Aust Longwall 300 
kw (1993, 1994)
Cordeaux M u t s u i M i 1 k e DERDS (1993, 
1994)
Aust Longwall 4 x 
750 tonnes chock 
shields, 131, (1993, 
1994)
Aust Longwall 450 
kW (1993)Aust Longwall 2 x 
224 kW (1994)
Ellalong Anderson AM500 DERDS (1993, 
1994)
Aust Longwall 4 x 
600/4 x 800 tonnes 
chock shields, 136 
(1993, 1994)
Aust Longwall 750 




Elo Liera Anderson AM500 
DERDS ( 1 993, 1994)
Westfalia 4 x 700 
to n n es ch o ck  
shields (1993) 
Westfalia 4 x 600 
to n n es  ch o ck  
shields, 120, (1994)







Ausl Longwall 4 x 
800 tonnes chock 
shields, 137, (1993, 1994)
A ust Longw all 







Aust Longwall 4 x 800 tonnes chock 
shields, 134, (1993, 1994)
A ust L ongw all 
1025 kW (1993) 





Aust Longwall 2 x 
860 tonnes shields, 145,(1993, 1994)
Halbach & Braun 
800 kW (1993)2 x Halbach & 
Braun 3 x 400 kW (1994)
Gretley Dresser BJD Ace 
SERDS(1993) Anderson AM500 
SERDS(1993,1994)
Aust Longwall 2 x 
400 tonnes chock 
shields, 27, (1993, 1994)
Halbach & Braun 
160 kW (1993, 1994)
Newstan Anderson AM500 
DERDS (1993) Anderson Electra 
1000 D ERD S 
(1994)
Aust Longwall 4 x 650 tonnes chock 
shields (1993)
Aust Longwall 4 x 
650-900 chock 
shields, 149, (1994)
Aust Longwall 600 kW (1993, 1994)
Oakdale Fam ur C o 1 m i 1 
SERDS (1993, 
1994)
Aust Longwall 2 x 
700 tonnes shields, 
104, (1993, 1994)
Aust Longwall 300 
kw (1993)
Aust Longwall 375 
kW (1994)
Oaky Creek Anderson AM500 DERDS (1993, 
1994)
Aust Longwall 4 x 
800 tonnes chock 
shields, 135, (1993, 1994)
A ust L ongw all 
1025 kW (1993) Aust Longwall 2 x 
261 kW (1994)
South Bulga Anderson Electra 1000 D ERD S 
(1994)
Aust Longwall 2 x 930 tonnes chock 
shields (1994)
A ust L ongw all 500kW(1994)
South Bulli M itsu i M ilke DERDS (1993, 
1994)
Aust Longwall 4 x 
680 tonnes chock 
shields, 70, (1993, 
1994)
Aust Longwall 750 
kW(1993)Aust Longwall 185 
kW (1994)
Tahmoor Eickhoff EDW230 DERDS(1993) 
Eickhoff 200/460- L-2W  DERDS 
(1994)
Aust Longwall 4 x 
800 tonnes chock 
shields, 153, (1993, 
1994)




Teralba Anderson AM500 
DERDS (1992 1994)
Mitsui Milke 2 x 
640 tonnes shields 
Aust Longwall 4 x 
650 tonnes chock shields (1993)
Aust Longwall 4 x 
680 tonnes chock 
shields, 135, (1994)
Aust Longwall 600 
kW(1993)Aust Longwall 1 x 
375kw, 1 x 300 kW (1994)
Tower Anderson AM500 
DERDS (1993, 1994)
Aust Longwall 4 x 
600 chock shields, 134,(1993, 1994)
Aust Longwall 60Ö 
kW (1993, 1994)
Ulan Eickhoff EDW450 
DERDS (1993) Eickhoff 
EDW450/1000 
DERDS (1994)
Aust Longwall 4 x 700 tonnes chock shields, 171, (1993, 1994)
Aust Longw all 
1025(1993)Aust Longwall 2 x 522kW (1994)
Wambo M itsu i M i 1 k e 
DERDS (1993, 1994)
Mitsui Milke 4 x 
800 tonnes choch 
shields, 134, (1993, 1994)
Haibach & Braun 
1065 kW(1993) Haibach &  Braun 
HB 280, 3 x 355 kW (1994)
West Cliff Joy 4LS DERDS (1993,1994)
Aust Longwall 4 x 
1000 tonnes chock 
shields, 132, (1993, 1994)
Haibach & Braun 
600 kW (1993) Haibach & Braun 2 x 200 kW (1994)




Aust Longwall 2 x 560 tonnes shields, 133,(1993, 1994)
Aust Longwall 600 kW (1993)Aust Longwall 700 kW (1994)
Wyee Slate Anderson AM500 
DERDS (1993) Anderson Electra 
1000 D ERD S 
(1994)
Aust Longwall 4 x 
650 tonnes chock 
shields, 158-160 
(1993,1994)
Aust Longwall 600 
kW (1993)





DETAILS AND PRODUCTIVITY OF AUSTRALIAN LONGWALL OPERATIONS DURING THE PERIOD OF 1990 TO 1994










Angus 2.4-2.8 Uni-Di 200 1160-1230 221 3 877
Appin 2.5-2.7 Uni-Di 196 700-1207 341 5 563
Baal bone 2.4 Uni-Di 200 1940 198 8 913
Brimstone 2.1 Bi-Di 89 1140-1450 177 6 074
Cook 2.9-3.0 Bi-Di 168-200 1218-1262 331 3 504
Cooranbong * 2.4 Uni-Di 131 660 326 57
Cordeaux 2.5-2.7 Uni-Di 150 3200 329 8 681
Cumnoek 2.5-2.7 Uni-Di 200 910-1167 125 8211
Ellalong 3.2-3.Ô Uni-Di 183-187 1550-1650 292 6 125
German Creek 
Cenual
2.1-2.6 Bi-Di 200-201 1720-1795 189 7 260
German Creek 
Southern
2.7-2.8 Bi-Di 195-200 1250-1950 208 6 371
Gretley 2.1-2.8 Uni-Di 30 2000 203 4 902
Kemira 2.7-2.8 Uni-Di 95-100 1480-1530 192 6 500
Newstan 3.2 Uni-Di 200 900-995 242 7 204
Oaky Creek 3.2 Uni-Di 195 1400 150 1420
South Bulli 2.2-2.5 Uni-Di 183 1650-1840 434 5 887
Tali moor 2.0-2.2 Uni-Di 180-220 1200 371 4 708
Teralba 1.45-2.8 Bi 
Uni-Di
140-220 1900-2400 255 4 032
Tower 2.1-2.5 Uni-Di 100-102 1241-1260 249 4 289
Ulan 3.1 Bi-Di 200 2088 209 10 139
West Cliff 2.2-2.7 Uni-Di 150-200 500-1760 379 4 023
West Wallsend 2.1-2.4 Uni-Di 133 2000 232 7 687
Wyee State 3.1-3.2 Uni-Di 200-234 1530 293 5 258
Note:





Height (m) Panel Width (m) PanelLength (m)
Men Tonnes/Man/Year
Angus 2.4-2.8 Uni- Di 200 1230-1400 305 3 933
Appin 2.4-2.7 Uni- Di 196 430-1200 422 4 607
Baal bone 2.0-2.4 Uni- Di 200 2050-2200 247 10 253
Brimstone 2.0-2.9 Bi- Di 85-125 1920 201 9 857
Cook 2.9-3.0 Bi 
Di, Uni-Di 195 782-819 343
3 472
Cooranbang 2.1-2.8 Uni- 
Di 130
650-900 323 4 681
Cordeaux 2.1-2.8 Uni- Di 135-150
2400-3200 410 6 646
Cumnock 2.3-2.7 Uni- Di 200 918
172 5 109
Ellalong 3.2-3.6 Uni- Di 183-200










2.8 Bi-Di 200 1950-2000 219 11 218
Gretley 2.1-2.3 Uni- 
Di
28-50 690-2000 258 4 912
Kemira 2.7-2.8 Uni- Di
100 1364-1530 155 5 191
Newstan 3.0-3.2 Uni- Di
200-220 600-1900 356 3 150
Oaky Creek 3.2 Uni-Di 195-203 1400-1500 187 8 468
South Bulli 2.2-2.5 Uni- Di
183-200 1600-1840 559 3 992
Tahmoor 2.0-2.2 Uni- 
Di
211-225 1120-1600 406 3 901
Teralba 2.8 Uni-Di 140 2400-2450 313 4 804
Tower 2.3-2.5 Uni- Di
102 1075-1260 341 2 950
Ulan 3.1 Bi-Di 200 2088 235 6 136
Warn bo 2.8-3.6 Uni- Di
148-200 918-1600 255 3 573
West Cliff 2.2-2.7 Uni- Bi





123-137 1860-2000 296 6 433
Wyee State 3.0-3.2 Uni- 
Di





Height (m) Panel Width (ni) PanelLength (m)
Men Tonnes/Man/Year
Angus 2.5-2.8 Bi- Di 200 1150-1400 330 2 922
Appin 2 A - 2 . 6  Uni- 
Di 196 650-2055 417 5518
Baal bone 2.3-2.4 Uni- Di 200 2060-2200 246 10 516
Brimstone 2.0-2.9 Uni- Di 125 1825-1920 201
11 350
Cooranbong 2.1-2.7 Uni- Di 130 560-900
317 4 156
Cordeaux 2.2-2.7 Uni- 
Di
135-150 1400-2400 420 6 410
Cumnoek 3.2-3.3 Uni- 
Di
129-200 665-860 168 7 019
Ellalong 2.8-3.6 Uni- 
di












195-200 2600-2750 225 l i  396
Gretley 2.0-2.6 Uni- Di
26-50 750-1090 187 7 117
Newstan 3.0-3.2 Uni- Bi
220 1900 334 6 159
Oaky Creek 3.2 Uni-Di 199-208 1500-1710 192 13 365
South Bulli 2.2-2.5 Uni- Bi
183-200 1600-1840 500 3 867
Tahmoor 2.0-2.2 Uni- Di
225 650-1120 406 4 442
Teralba 2.7-2.8 Uni- Di
140 500-2450 315 5 115
Tower 2.3-3.0 Uni- Di
150 1250-1314 357 3 094
Ulan 2.9-3.2 Bi- Di
200 670-2088 244 5 824
Warn bo 2.6 Uni-Di 148-160 1550-1600 194 7 185
West Cliff 2.2-2.7 Uni- Di





125-192 1860-2110 294 6 367
Wyee State 2.8-3.2 Bi- 
Di





Height (in) Panel Width (m) PanelLength (m)
Men Tonnes/Man/Year
Angus up to 5 223 1670 338 4 554Appin 2.4-2.7 200 over 2000 406 6 114Baal bone 2.1-2.4 200 1530-2060 251 12 609Brimstone 2.2 125-131 1150-1825 214 6 000
Clarence (S tart Oct 
1993)
3.8-4 171 1220 290 5 350
Cooranbong 2-3.2 130 526-800 306 3 979
Cordeaux 2.2 200 1400-1920 382 7 508
Ellalong 3-3.6 200-203 1080-2000 340 5 568








1.7-2.8 200 1920-2750 227 11 410
Gordonstone (Start April 
1993)
3 200 1308-1467 439 3 939
Gretley 2.8-3 30-52 350-870 166 6 344





Oaky Creek 3.2-3.5 198-202 1710-1750 205 11 410
South Bulli 1.9-2.7 105 845-1992 306 4 496
Tahmoor 1.9-2.3 225 550-1110 399 4 019
Teralba 2.6-3.3 141-200 1850-1950 310 4 708
Tower 2.1-3.5 150 1000-1100 368 4 478
Ulan 2.9 250 1750-1795 252 9 800
Wambo 2.6-2.8 195-203 1500-3300 180 8 139
Wesl Cliff 2.1-2.7 200 1500-2900 453 5 511
West
Wallsend
2.3 185-200 1870-2100 292 7 036




C o l l i e r y S e n n i
H e ig h t /C u t t in g  
H e ig h t  (m )
P a n e l  W id t h
(m )
P a n e l  L e n g t h
(m)
M e n T o n n e s /
M a n /Y e a r
Angus 2.4-3.2/2.2-2.H 
Bi-Di
250 1600 289 4 680
Appin 2.6-2.8/2.5-2.9 
Uni-Di
200 2000 399 5 200
Baal bone 2.4-2.6/3.0 Uni- 
Di
200 1800 249 10 130
Brimstone 2.2/1.9-2.2 Bi- 
Di
131 1000 229 3 620
Clarence 3.9/4.0 Uni-Di 200 900-1500 268 6 980
Cooranbong : 2.3-2.9/2.8 Bi 
and Uni-Di
131 500 293 5 180
Cordeaux 2.1-2.8/2.1 Uni- 
Di
200 2500 365 7 900
Ellalong 2.8-3.5/2.8-3.3 
Uni-Di
202 1200 303 4 930
Elouera 3.2 Uni-di 150 2500 335 3 880
German Creek 
Central





200 2000 214 11 050
Gordonslone 3.0/2.6-3.0 Bi- 
Di
200, 250 1700, 2500, 
3500
454 8 700
Gretley 2.7/2.6 Uni-Di 50 650 151 7 570
Newstan 2.4-3.5/3.3 Bi- 
Di
304 6 420
Oakdale 2.1/2.2 Uni-Di 150 1000 240 5 850
Oaky Creek 3.2/2.2-3.2 Uni- 
Di
198.6 1675 205 11 600
South Bulga* 2.65/2.-3.3 Bi- 
Di
200 3200 91 6 170
Soudi Bulli 2.65/2.55-2.65
Uni-Di
105 1020 253 5 610
Tahmoor 2.1/2.0-2.4 Bi- 
Di
225 950 383 3 420
Teralba 2.8-3.3/3.2 Uni- 
Di
95 2000 305 5 330
Tower 2.0-3.5/2.7 Uni- 
Di
150 800 366 4 040
Ulan 2.9-3.2/2.9 Bi- 
Di
250 1900 251 12 860
Warn bo 3.2/2.4-4.0 Uni- 
Di
195 1420-1500 229 8 400
West Cliff 2.4/2.1-2.5 Uni- 
Di
200 2300 431 3 410
West Wallsend 2 2 - 2.9122 Uni- 
Di
190.5 1220 285 7 280
Wyee State 3.0/2.9-3.1 Uni- Di
230 1500 290 5 060
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